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Foreword 


This  is  a reprint  of  the  publication  first  issued  in  April, 
1946,  by  the  former  General  Land  Office,  a predecessor  of  the  Bureau 
of  Land  Management.  It  is  reissued  to  meet  the  needs  of  the  field 
cadastral  surveying  personnel  who  have  found  these  Examples  of  Good 
Practice  valuable  for  reference  and  as  a guide  in  the  making  of  simi- 
lar observations . 

The  original  publication  resulted  from  a recommendation  of 
the  Board  on  Technical  Procedures  of  the  General  Land  Office  to  the 
effect  that  special  examples  of  good  practice  in  particular  phases 
of  the  work  be  assembled  and  distributed  for  the  benefit  of  the 
entire  cadastral  surveying  service  for  reference  and  use  in  similar 
cases.  There  are  included  herein  examples  of  basic  methods  for  de- 
termination of  time,  latitude,  and  azimuth  by  observation  of  the  sun, 
Polaris,  and  selected  bright  stars  within  the  equatorial  belt. 

The  recorded  observations  were  made  by  cadastral  engineers 
in  the  execution  of  their  regular  field  assignments  in  the  survey 
and  resurvey  of  the  public  lands.  The  examples  illustrate  the  ap- 
proved methods  described  in  the  Manual  of  Instructions  for  the  Survey 
of  the  Public  Lands  of  the  United  States,  edition  of  1947.  The  basic 
astronomical  data  are  as  supplied  in  the  Ephemeris,  published  annually 
by  this  Bureau. 
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All  observations  made  with  the  General 
Land  Office  one-minute  solar  transit 
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Section  Example  BASIC  OBSERVATIONS  Pace 

68  A - 1 Daylight  stellar  altitude  observation,  equa- 
torial belt,  for  time  and  arimuth;  shows  de- 


rivation of  the  finding  position  2 

A - 2 Sunset  stellar  altitude  observation;  ditto  4 

A - 3 Sunrise  stellar  altitude  observation;  ditto  6 

A - 4 Evening  stellar  altitude  observation;  ditto  8 

70  B - 1 Altitude  observation  of  the  sun  for  time  9 

B - 2 Evening  stellar  altitude  observation  for  time  10 

71  C - 1 Meridian  observation  of  the  sun  for  time  12 

C - 2 Ditto  13 

C - 3 Evening  stellar  meridian  observation  for  time  14 

C - 4 Ditto  15 

74  D - 1 Meridian  altitude  observation  of  the  sun  for  18 

latitude 

D - 2 Ditto  ' 17 

76  E - 1 Meridian  observation  of  the  sun  for  time  and 

latitude  18 

E - 2 Ditto  19 

E - 3 Evening  stellar  meridian  observation  for  time 

and  latitude  20 

E - 4 Ditto  21 

76  f - 1 Altitude  observation  of  Pp  laris  at  upper  cul- 
mination for  latitude  22 

r -*2  Ditto  23 

76  G - 1 Sunrise  hour  angle  altitude  observation  of 

Polaris  for  altitude  24 

G - 2 Ditto  26 

AZIMUTH 

87  H - 1 Polaxts  at  elongation,  observing  program  "a”  28 

H - 2 Ditto  29 

H - 3 Ditto  30 
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A 
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Hmi«1 

Action  Example  AZIMUTH 


88 

H - 4 

Polaris  at  elongation,  observing  program  nb* 

31 

H - 5 

Ditto 

32 

80 

1-6 

Polaris  at  elongation,  observing  program  "c" 

33 

97 

I - 1 

Sunset  hour  angle  observation  of  Polaris  for 
aziauth;  observing  progra*  "a" 

34 

1-2 

Ditto 

35 

1-3 

Ditto 

36 

98 

1-4 

Sunset  hour  angle  observation  of  Polaris  for 
aziauth;  observing  progra*  *b* 

37 

1-5 

Ditto;  a set  of  three  coaplete  observations 

38 

1-6 

Ditto;  one  set  of  four  observations 

40 

1-7 

Ditto;  saae  by  repetition  of  angles 

41 

1-8 

Ditto;  one  set  of  four  observations,  including 
reading  of  vertical  angles  and  reduction  for 
latitude 

42 

AZIMUTH  AND  TIME 

THE  SUN,  N0HTH  DECLINATION 

108 

J - 1 

Eeduction  by  the  short  formula,  azimuth 

43 

109 

Seduction  by  the  alternate  equation,  aziauth 

44 

no 

Eeduction  by  the  long  equation,  aziauth 

44 

in 

Eeduction  by  the  long  equation,  time 

45 

108 

J - 2 

Eeduction  by  the  short  formula,  aziauth 

46 

109 

Eeduction  by  the  alternate  equation,  aziauth 

47 

no 

Eeduction  by  the  long  equation,  aziauth 

48 

Ul 

Eeduction  by  the  long  equation,  time 

48 

108 

Eeduction  by  the  short  formula,  time 

49 

108 

CO 

1 

►o 

Eeduction  by  the  short  formula,  aziauth; 
a set  of  four  observations,  centered  on  the 
sun;  see  comment  with  the  observation 

50 

108 

100 

J - 4 

Eeduction  by  the  short  formula(  azimuth; 
observations  a.m,  and  p.a,  to  compensate 
for  eccentricity  of  vertical  circle 

52 

109 

100 

ID 

1 

Eeduction  by  the  alternate  equation,  azimuth; 
observations  a.m.  and  p.a.  for  verification 

54 

100 

J - 6 

Observations  a.m.  and  p.a.,  azimuth;  for  test 
and  analysis  of  eccentricity  of  vertical  circle 

59 

100 

J - 7 

A set  of  three  observations,  azimuth;  with  ap- 
plication of  corrections  for  eccentricity  of 
vertical  circle 

62 

b 
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$xampls 

TWO  EQUATORIAL  STARS  AND  POLARIS 

Page 

100 

K - 1 

Observations  southeasterly  and  southwesterly, 
for  tine  and  azimuth , balanced  to  compensate 
for  eccentricity  of  vertical  circlet  sunset 
hour  angle  observation  of  Polaris,  observing 
program  Sbf  by  repetition  of  angles,  for 
verification  of  azimuth 

64 

TIME, 

LATITUDE  AND  AZIMUTH 

L - 1 

The  sun,  Polaris,  and  one  equatorial  star 

67 

112 

100 

M - 1 

An  observation  with  the  solar  circle,  a.*, 
and  p.m, ; azimuth  only 

70 

112 

100 

M - 2 

Ditto;  shows  compensation  for  eccentricity 
of  vertical  circle 

72 

113 

100 

N - 1 

One  complete  stellar  observing  program; 
1st  star  easterly,  for  time  and  azimuth 

74 

114 

Ditto;  did  star  westerly,  for  time  and  azimuth 

76 

115 

Ditto;  Polaris,  for  latitude  and  azimuth 

77 

116 

Ditto;  4th  Star,  meridian  passage,  for  time 
and  latitude 

79 

114 

N - 2 

Equatorial  star,  for  time  and  azimuth 

80 

108 

0-1 

Altitude  observation  of  the  sun  for  azimuth 

82 

114 

Stellar  altitude  observation  for  azimuth 

83 

88 

Polaris  at  elongation,  observing  program  ”b* 

84 

75 

Meridian  observation  of  the  sun  for  time  and 
latitude 

84 

75 

76 
08 

0-2 

Polaris  at  sunrise  and  sunset;  the  sun  at 
meridian  passage;  time,  latitude,  and  azimuth 

85 

TIME, 

| 

LATITUDE  AND  AZIMUTH 

i 

120 

P - 1 

Equal  altitude  observation  of  the  sun 

86 

12'. 

Ditto i by  reduction  to  the  sun's  center 

87 

P - 2 

Equal  altitude  observation  of  the  sun 

88 

Dittos  by  reduction  to  the  sun's  center 

89 

123 

0-1 

Stellar  equal  altitude  observation 

90 

0-2 

Ditto 

92 

c 


0 


' 
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Section  Kxaaple 


AZIMUTH  AND  TIME 
THE  SDN,  SOOTH  DECLINATION 


Appen- 
dix II 

R - 1 The  complete  data  for  the  observation 

94 

108 

Reduction  by  the  short  fornula;  ditto,  for  tine 

95 

109 

Reduction  by  the  alternate  equation,  iziauth 

96 

110 

Reduction  by  the  Ion*  equation,  asiauth 

96 

111 

Reduction  by  the  long  equation,  tine 

97 

Reduction  by  a third  equation,  tine 

97 

Appen- 
dix II 

R - 2 The  complete  data  for  the  observation 

98 

108 

Reduction  by  the  short  fornulaj  ditto,  for  tine 

99 

109 

Reduction  by  the  alternate  equation,  asiauth 

100 

110 

Reduction  by  the  Ion*  equation,  axiauth 

101 

111 

Reduction  by  the  long  equation,  tine 

101 

TEST  OF  THE  SOUR  UNIT 

81 

S - 1 The  sun  p,  a.,  tine  and  axinuth;  Polaris  at  sun- 

set, latitude  and  axinuthi  the  sun  at  noon, 
tine  and  latitude 

102 

d 


C 


2 


A 


f 


Example  of  daylight  altitude  observation  of  a star  for  tine  and  ailnuthi 


Plaost  Washington,  D.  C. 
Data  i July  28,  1944 • 


Latitudol  38*  53'  30"  H. 

Observer!  J.  C.  Thome 
Reoordari  0.  B.  Walsh 
Tine  I i.  S.  Kidder 


Longitude i 77*  02*  W. 
Instrument t Buff  Wo,  23461 


Sun's  deol..  Or.  app.  noon 
Rad.  to  long.  77*02'W.  or  5"08* 

• ■ tine  of  obsn.  p.n.  4 30  ■ 9.63  z 34.8"  (335*) 

Refraotion  in  polar  distance 

The  sun's  app.  deal. 


18*57’28^"  K. 


5 35 
1_02 


18*52' 55"  H. 


At  4^30“  p.a. , app.  t. , I sat  the  area  of  the  solar  unit,  lat.  38*53'30"  H., 
and  deol.  18*53*8. . and  orient  to  tha  aaridian,  setting  a refersnoe  aarlc  SgA» 


App.  t.  of  sunset  7^05“  p.a. 
Iqua.  of  tlas  (add)  6 

Sunset,  l.a.t.  7^11"  p.a. 

Stari  25/49  0.9 

a Aqullas  (Altair) 

8 - 48*43.4* 


Or.a.t.  star's  transit,  July  19i  11^57.5*  p.a. 

Rad.  to  ■ 28i  - 35.4 

• ■ long.  77*02 'W.  I - O.fl 

Star's  transit,  l.a.t.  ■ 28i  • ll^.S*  p.a. 
Anticipated  l.a.t.  of  oban.  i 6 40  _ * 

Hpur  angle  SB.  (70*15' ) 4h41* 


latitudes  38*53,30"H. 


Wetohi  O.K.i  l.a.t. 

« slow  of  e.w.t.i  roe* 


sin  h ■ eoe  t ooo  <p  oos  6 + sin  9 sin  6 


cos 

«iQ 

t ■ 
a ■ 
* • 

.3379 

.7783 

.9884 

.6278 

.2599 

.0952 

.2599 

(Products) 

sin  h ■ 

.3551 

(Sun) 

h • 

20*48* 

ooe  A . 

tan  0 tan  h 

oos  9 eoe  h 

92a.  aia 

tan 

.7783 

.800) 

.1516 

i224§.  

.3799 

.7276  / 

.3065 

(Products) 

.2064 

.2084 

(fraction) 

cos  A • 

.0981 

(Diff.  - ) 

A - 3.84*22' B. 

c 


See  page  2 for  observation 


>v;;‘ 


• ■ 


-j  - 


3 


With  the  above  settings,  at  ^40"  p.n. , l.n.t.,  I find  the  atar  in  good  pool- 
tion  and  prooeed  with  6 observations i the  let  aa  follows* 


Watch  tine  of  oben.i 

Horisontal  angle  fron  atar  to  reference  ^rki 
Observed  vertical  angle i v ■ 21*44' 
Refractioni  r • ~ 2'24" 


True  vertical  angle i h • 21*41' 36* 


6h4^20*  p.n. 

83*36'00" 


ooa  t * 


sin  h 

cos  f ooe  6 


tan  <p  tan  # 


h - 

0“ 
6 • 


ooe  t ■ 


cos 

sin 

.36964 

.77833 

.80666 

.98844 

dsm 

.76933 

.12376  (Products) 

.48050 

(Fraction) 

.12376 

.35674 

(Klff.  ♦ ) 

sin  6 

tan  h 

oos 

009  h 

cos 

5i£ 

tan 

.92918 

.77833 

.15166 

.39781 

.80666 

.72321 

.20970 

.32090 

.20970 

(Products) 

(Fraction) 

.11120 

(niff.  - ) 

69*06' 

4 - 

S.83*37'0O"E. 
83  *16' 00" 

Obsvd.  hor.  ang. 

4h36m248 
- 44 

Sidereal  h.a# 

Rede  tO  B»tehift« 

S.  0*01'00"E, 

Reference  nark. 

4h35B408 
11  21  18 

Uean  time  h.a. 

Star's  transit,  p.m.,  l.n.t. 

9 

6h45“38# 
6 45  20 

Correct,  l.n.t.  of  oben. 
Watch  time  of  oban. 

0“l88 

Watch  slow  of  l.n.t. 

(1)  Reduced  bearing  of  reference  naric 
" watch  alow  of  l.n.t. 


Tim«  Observed 

Vert.  Ang. 

2 6h5l“00#  22*50' 30* 

3 6 

4 7 

5 7 

6 7 


57  30 
00  00 
04  54 
08  12 


24'05' TO" 
24*35' 00" 
25*31’  00" 
26*09' 00" 


Watch  Bearing 

slow,  reference 


l.a.t.  nark 

S.0*01'00"E. 

IB8 


Observed 

Hor.  Ann. 

82*40' 00" 

24 

S.0*00'30*W. 

81*34’ 00* 

20 

South 

81*08 '00* 

25 

S.0*00'30"W. 

80*18' 00* 

22 

S.0*00'30*W. 

79*43'00" 

_22_ 

South 

Uean 

22* 

S.O*00«05*W. 

2 


“J  V 


L V '' 


v • 


4 


a - i 


c<  Pegasi. 


Date i Oct.  Jl,  I9I4I4.1  Instrument!  Gurley  No.  371653 

Observer!  Lloyd  E.  Toland 
Reoorder  end  timei  Jesse  L.  Gassman. 


Sun's  deol.,  Gr.  app.  noon 
Red.  to  long.  104*  28'  W.  or  6h  58“ 
" " time  of  obsn.  p.m.  4 02 

Refraction  in  polar  distance 


11  x 48.55"  (55U") 


The  sun's  app.  deol. 


l4*  09'  50.7"  S. 

(3) 

(») 


8 54 

2 14 


111*  16*  11"  S. 


At  l*h  02m  p.m.,  app.  t.,  I set  off  the  aros  of  the  solar  unit,  lat. 

32*  50'  30"  N.,  and  deol.  l4*  16'  S.,  and  orient  to  the  meridian,  setting 
a reference  mark  South, 


App.  t.  of  sunset  5^  22m  p.m. 
Equa.  of  time  (sub)  16 
Sunset,  l.m.t.  5*1  06m  p.m. 

Star  1 28/55  a Pegasi  2.6 

♦ ill*  54.6' 

Latitude t 32*  5°'  23.212"  N. 


Gr.m.t,  star's  transit,  Oct.  I61  9h  21.0m  p.m. 
Red.  to  " 31*“  59 

" " long.  104*  281?.  1-  1.1 

Star's  transit,  l.m.t.  " 31  8*>  20. 9»  p.m. 

Anticipated  l.m.t,  of  obsn.  5 21 

Hour  angle  SB.  (1*5*)  3*»  00m 

Watchj  O.K.j  M.W.T.  by  radio. 

" 1 fast  l.m.t.  57“  52s 


1 cos  t cos  / cos 

d 4 sin  / sin  d toos  A ■ 

sin  d 

_ tan 

oos  p cos 

"K 

cos  sin 

008 

sin 

tan 

.70711 

,e4019  .54229 
.96633  .25730 

.84019 

.25730 

.64544 

.57410  .13953 
.57410 

■ .71363 

* 45*  32' 

.70049 

1.01879 

.58854 

.43718 

.65757 

.43718 

00s  A ■ 


A ■ 8.  77*  16'  E 


.22039 


With  the  above  settings,  at  5h  13“  P«“.»  l.m.t,,  I find  the  star  in  good 
position  and  prooeed  with  6 direet  and  6 reversed  readings  1 recording  the 
mean  of  the  1st.  direot  and  6th  reversed,  2nd  direct  and  5th  reversed,  eto. 
The  first  mean  as  follows! 


Watch  time  of  obsn. 1 

Horisontal  angle  from  star  to  reference  marki 
Observed  vertioal  angle  1 v • 44*  22'  30" 
Refraction!  r ■ 1'  00" 

True  vertioal  angle  1 h ■ l+ii*  2V  30" 


6h  13m  34s  p.m. 
78*  17’  30" 


oos  t B 

sin  h 

oos  / oos 

1 d 

008 

sin 

tan 

h • 

.69915 

ft  ■ 

.84020 

.64544 

d B 

.96634 

.26623 

.81192 

.17184 

.86111 

.17184 

cos  t = 

.68927 

t ■ 

46*  25' 

40" 

3h  5m  43»  Sideral  h.a. 

1 9 Red.  to  m.t.h.i 
3h  4m  34s  Mean  time  h.a. 
8h  20m  54s  Star's  transit 


cos  A » Bl-n  d 

- tan  i tan  h 

008  t 008  n 

008 

sin 

tan 

.71E98 

.97784 

.84020 

.25727 

.64544 

.60073 

.63114 

.42826 

.42826 

cos  A • 

.20288 

A = 3.  78* 

17'  42"  E. 

78*  17'  30"  Obsvd.  h.  a. 
S.  0*  00'  12"  E.  Ref.  mkd. 


p.m. , 1 «m.t. 


5h  16m  20s  Correct  l.m.t.  of  obsn. 
6 13  34  Watch  time  of  obsn. 

57m  l4s  Watch  fast  of  l.m.t. 


1 


' 


c 


Watoh 

fut, 

1 .n.t. 


(1)  Reduced  bearing  of  reference  mark 
" watch  faet  of  l.m.t. 

Observed  observed 
Vert,  Ang.  Hor.  Ang. 

2 6hl3m28e  W»*21'30"  78*18' 00"  57  15 

3 6 13  25  W**21'00"  78*18'30"  57  03 

h 6 13  20  W+*20'30"  78*18' 30"  57  00 

5 6 13  18  Wl9'30"  78*19 '30*  57  12 

6 6 13  12  W** 20*00"  78* 19' oo"  57  05 

Mean  57*09* 


c 


Pegaei. 

2 


Bearing 

reference 

mark 

8.0*00' 12*^. 


8.0*00'30"B. 

S.0*00'20"B. 

8.0*00'Ul"B. 

8.0*00'23"E. 

S.0*00'32"B. 

8.0*00'26"B. 


6 


s 


A - 


B.  Orionia. 


Date  i Not.  1,  1944. 


Observeri  Lloyd  E.  Toland 
Recorder  and  time i Jesse  L.  Gasaman 


Instrumenti 
Gurley  No. 

371653 


Reference  mark  set  South  as  used  in  observation  on  a Pegaai,  Oct,  31.  1944. 

App.  t.  of  sunrise  6h39m  a.m.  Gr.m.t.  star's  transit.  Not.  Ii  2h30.8m  a.a. 
Equa.  of  time  (sub)  16  Red,  to  long.  104*  28'  W.  »"  1.1 


Sunrise,  l.m.t.  6h23m  a.m.  Star's  transit,  l.a.t.  " 
gtari  7/ll  0.3  Anticipated  l.m.t.  of  obsn. 

/9  Orionis  (Rigel)  Hour  angle  SW.  (53*) 

- 8*15.8' 

Watch  1 fast  l.m.t. 1 3°s 


Latitude  1 32*50 »23"N. 


(-) 


M.W.T.i58m22s 
sin  d 


It  2h29.7»  a.m. 
1 6 02  a.m. 

l\ysr~ 


(♦) 


sin  h s cos  t cos  4 cos  d ♦ sin  / sin  dj  cos  A ■ g*n  d - tan  i tan  h 

oos  6 cos  h ^ r 

cos  sin  oos  sin  tan 


t s 

d ■ 


sin  h ■ 

h ■ 


.60182 

.84020 

.90962 

.500^0 

.07791* 

21**59' 


.51*228 

.11*372 

T0779l* 


.8^020 


.9061*3 

.76150 

cos  A ■ 
A s 


.11*372 


.10871 

8.60*42  nr. 


.64544 


*46595 

.3007I* 

.18871 

.4091*3 


With  the  aboTe  settings,  at  6h02m  a.m.,  l.m.t.,  I find  the  star  In  good 
position  and  prooeed  with  6 direot  and  6 reTersed  readings,  with  the  reversal 
made  at  the  end  of  the  6th  direot  reading,  recording  the  mean  of  the  first 
direot  and  6th  reverse,  the  2nd  direot  and  5th  reverse  readings,  eto. 

The  1st  as  follows i 


Watoh  time  of  observationi 

Horisontal  angle  from  star  to  reference  marki 
Observed  vertical  angle i ▼ s 23*52' 
Refraotiont  r z 2' 10" 

True  vertioal  angle i h > 23*49' 50" 


61*50' 


7h05ml6s  a.m. 


oos  t ■ 

sin  h 

_^tan  / tan  d 

oos  A"  *ln  d ^tmn  i tan  h 

008  f OOS 

T r 

COS  f 

008  h 

COS 

sin  tan 

cos 

sin 

tan 

h ■ 

.4o4o4 

.911*76 

.44169 

f ■ 

.84020 

,64544 

.84020 

.64544 

d s 

.90962 

.14520 

.14372 

.83140 

.09372 

.76856 

.28508 

.40593 

.18700 

.18700 

.09372 

oos  t ■ 

T579S5 

oos  A w 

.47208 

t e 

54*34’ 30" 

A - s.6i*49'50"w. 

B 

3h38ml8e  Sidoral  h*ft* 

6l*50'00"  Obevd 

i|  ha  ft* 

- 1 09 

Red.  to  m.t.h.a. 

8.  0J'0O'10wB.  Ref 

'.  mark. 

3h37mb9s  Kean  time  h.a. 

•» 

2 29  1*2 

Star's  transit,  a.m.. 

1 iffleti 

1 Correot  l.m.t.  of  obsn. 

7 05  16 

50m25i 

1 Watoh  jfast  of  l.m.t. 

3 


. 

7 


Watch  Bearing 

fast,  reference 

l.m.t,  mark 


(1)  Reduced 

bearing  of 

reference  mark 

3.0*00'10"E. 

N 

watoh  fast 

of  l.m.t. 

58m25e 

Observed 

observed 

Time. 

Vert.  An g 

, Hor.  Ang. 

2 

7h05ml7i 

i 23;51' 

61 *50 *30" 

50  a 

South 

3 

7 05  20 

23*51' 

6l*51'00" 

58  27 

S.0*00'30"E. 

4 

7 05  25 

23*50' 

61*51 '30" 

58  21* 

S«0*00'lli"E. 

5 

7 05  20 

23*52' 

61*50*30" 

58  29 

S.0*00'1*6"E. 

6 

7 05  22 

23*50* 

6l*52'00" 

58  a 

S.0*00'i*l*"E. 

Mean 

56m2l*s 

S.0*00'2l*"E. 

B.  Oclonls 

U 
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ALTITUDE  OBSERVATION  OF  A STAR  FOR  AZIMUTH. 


Date  Observer i Norman  C,  Price  Instrument 

October  25,  1944  Reoorderi  Oeorge  F,  Rigby  Buff  No.  17993 

In  order  to  determine  a meridian  at  my  station  In  the  SWj  of  NW^  of  sec. 25, 

T.  1 N.,  R.  1 B. , Willamette  Mer.,  Oregon,  in  lat.  45®52'50"N. , and  long. 
122°59,f.,  I proceed  with  the  preliminary  preparation,  and  with  a series  of  six 
altitude  observations,  three  eaoh  with  the  telesoope  In  dlreot  and  reversed 
positions,  upon  the  star  (Alpha)  Ophiuohi  as  follows. 


Sun's' dec  1.  Greenwich  app.  noon — 12*  09'  08.1*  S. 

Red.  to  long.  122“  59'W.  tthlOmJtfe 

Red.  to  time  of  oben.  p.m.  4 01  24  - 12.2  x 51.66’  -(650.5*)  10  50.5  (3.) 

Refraction  In  polar  distance  5 50  (N. ) 

The  sun's  apparent  declination  12°  15'  48’  S. 


At  4h01.4m  p.m.,  app.t.,  I set  the  arcs  of  the  solar  unit,  lat.  45®52§-'N.,  and' 
deol.  12“16  '3. , and  orient  to  the  meridian,  setting  ar- reference  mark  South. 


App.t.  of  sunset  3h09m  p.m. 
Equa.  of  t.  - 16m 
Sunset,  l.m.t.  4h55m  p.m. 

Star,  22/44  2.1 

(Alpha)  Ophiuohi 

♦12"56.2' 

Latitude  45°  52'  50*  R. 


Or.  m.t.  star's  transit 
Red.  to 

Red.  to  long.  122°59 'W. 
Star's  transit,  l.m.t. 
Antloipated  l.m.t.  of  obsn. 
Hour  angle  SW.  (59°52.5') 


Oot.  16 i 5h52.2m  p.m. 
Oot.  25 i -55.4 

- 1 J 

Oct.  25 i 5hl5.5m  p.m. 
Oot.  25 ■ 5h53.0s  p.m. 
2h59.3m 


Watohi  oorrootj  l.m.t. 

Watohi  slow  of  P.W.T.t  lh  10m  53s 


sin  h = oos  t cos  {I  ooe  d + sin  9 eln  d 


oos  A a 


sin  d 

oos  9 oos  h 


tan  9 ban  h 


cos  sin 

t ■ .7S7W 
9 . .70059  .71576 

d • .97591  .21820 

.52434  .15574 

■52456 

sin  h - .68050 

h - 42°  52' 


(Produots) 

(Sum) 


oos  sin  tan 

.70059  1.01909 

.21820 


- 

751555 

008  A • 

A - 


.92817 

.94589  (Produots) 
42506  .42506  (Fraction) 

.52085  (Diff.  - ) 
3.  58“  57'  *. 


With  the  above  settings,  at  5i55m  p.m., l.m.t.,  I find  the  star  in  good  posi- 
tion and  proceed  with  six  observations,  the  firet  as  follows. 


Watch  time  of  obsn. 

Horizontal  angle  from  star  to 
Observed  vertical  angle,  v - 
Refraotlon,  r * 
True  vertioal  angle,  h ■ 


5h  57m  02s  p.m. 

reference  mark -59°  13'  50" 

42"  51 ' 

-1'  05"  Latitude,  9 ■ 55°  52'  50*  R* 

52""iSr "57'  Declination  1 d - 12°  56'  12"  N. 


cos 


A a 


sin  d 

oos  9 oos  h 


- tan  9 ban  h 


log  sin  d - 9.55»633  log  tan  9 

log  oos  9 - 9.845551  log  ban  h 

Difference  - 9 .495515  31011 

log  oos  h ■ 9.867657  2nd  term 

Difference  ■ 9 .625877  log  1st  term  let  term 

1st  term  ■ .42255  Natural  (-)  oos  A 

A 


Observed  horizontal  angle 
Bearing  of  reference  mark 


10.008212 

9.962059 

9.970251  log  of  2nd  term 
.95579  Natural  (-) 
.42255  Natural  (♦) 
.51124  Diff.  (-) 

59*  13'  12* 

59“  13'  50’ 

3.0“  00'  18*S. 


CD 

(2) 

(5) 
(*> 
(3) 

(6) 


Time 


3h  57m  02s 
5h  58m  20s 
5h  59m  29s 
6h  02m  48s 
6h  04m  15e 
6h  05m  59s 


Observed 
Vert.Ang. 
42“  51'  00* 
42°  18'  00’ 
42“  07'  50" 
41°  58'  00’ 
41®  23'  00’ 
41®  12'  50" 


Observed 
Hor.Ang. 
59®  15'  50" 
59°  58'  00" 
59“  56'  00" 
60®  46'  00’ 
61®  07'  00" 
61®  28'  00* 
Mean 


Bearing  of 
Reference  mark 
S.  0®  00'  18*  E. 
S.  0®  00'  25"  E. 
S.  0°  00'  26"  E. 
S.  0®  00'  48"  E. 
S.  0®  00'  12"  E. 
S.  0®  00'  59"  E. 
•S.  0®  00'  28"  S. 
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Altitude  Observation  of  the  Sun  for  Apparent  Time. 


Date  Observer  Instrument 

September  4,  1944  Norman  D«  Prioe  Buff  No. 17998 

At  camp,  in  sec.  5,  T.  25  S.,  R.  3 W.,  Willamette  Meridian, 
Oregon,  in.  lat.  43°  25'  36"  N.,  and  long.  123#  04'  25*  W. , 
to  oho ok  the  reading  of  my  watch  which  indicates  approximate 
standard  time  for  the  120th  meridian,  I make  an  altitude  ob- 
servation of  the  sun  for  time,  making  two  observations,  one 
each  with  the  telescopo  in  reversed  and  direot  positions,  ob- 
serving opposite  limbs  of  the  sun,  as  follows: 


Mean  observed  vertioal  angle — 28“  18'  30* 

Mean  watoh  time  of  observation — 3h  59“  27a  p.a. 

Watch  fast  of  l.m.t.  (theoretical)——  12m  18s 
Mean  temperature  at  time  of  obsn. — 96*Fahr. 


Elevation  above  sea  level  of  station 95O  ft. 


Telesoope 

Sun's 

limb's 

Watoh  time. 

Vertioal  Angle. 

i 

3h  58m  00s  p.m. 
4h  00m  54s 

28*  19'  DO- 
28*  l8’  00" 

Mean — 

3h  59m  27s  p.m. 

28*  18'  30"»v 

Refraotion  (oorreoted  for  temperature  and 
elevation  above  sea  level),  107"x. 921.98-  minus  1'  36.47" 

Sun's  parallax — plus 7.79" 

h « 28°  17 » 01" 

True  vertioal  angle-h-28*r7'01" 

Zenith  distanoe  -Z-6l042'59" 

Sun's  declination  -D«  6*57 '02"N. 

Latitude  ■$»43#25'30"N. 

T-hour  angle  from  apparent  noon  in  angular  measure. 


Tan  | T 


Vslnfr ( Z|$-D ) 8ln& ( Z-4+D ) 
oosi(Z44p)oosi(Z-^)-D) 


z-6i»42’; 


Z*6i*42" 

0-43*25'' 


>9" 

;0« 


E40elO5»O8'29" 

D-  b*57'02"(4) 

z404D-ii2*O5'3i" — 56*02 ’45 


5-105*08 '29" 


Z4Q-D-  98*11*27" — 49*05 '43" 


Log  sin 
" sin 


ISI+Si: 


cos 

008 

tan2 

tan 


UStSiaBBB 

IS 

iT  - 
|t  - 

iT  - 28*35'40"  t ■ 57*ii'20" 


Z-0-l8*17' 29- 

values-  D-  6*57'02"(4) 

12*  37 ’15" Z-04D-25*U'31" 

Z-0-i8*i7'29" 

D-  6°57*02"(4) 
5*40' 13" Z-0-D-ll»2O'27" 

9.878407 

2i2ffl44* 

9.217855 


9.744916  57*»3h48m008 
3h48m45s 


T- 


Apparent  time  of  Observation- 
Equation  of  time———— 


•3h4.8n4.53  p.m. 
-minus  1 12 


Looal  mean  time  of  observation 3M7m338  p.m. 

Difference  in  time  for  long.— —add  12  18 

120th  mar.  time  of  observation — 3h59m51s  p.m. 

Watoh  time  of  observation— ——3h59m27 a p.m. 

Watoh  slow  of  120th  mer.  time———  24s 


1 


10 


a - t 

Altitude  Observation  of  a Star  for  Time. 

Star  22/44  (Alpha)  Ophluohi,  Mag.  2.1 

412036.2' 

Date  Observer:  Norman  D.  Prioe  Instrument 

Ootober  25,  1944  Recorder:  Oeorge  K.  Rigby  Buff  No. 17998 

At  my  station,  in  SW*  of  NWj  of  seo.  23,  T.  IN.,  R.  1 B. 
Willamette  Meridian,  Oregon,  in  latitude  45*  32'  JO”  N.,  and 
longitude  122*  39'  W. , to  oheok  the  reading  of  my  watoh  whioh 
indicates  approximate  Paoifio  war  time,  I make  a series  of  six 
altitude  observations,  three  eaoh  with  the  telesoope  in  dlreot 
and  reversed  positions,  upon  the  star  (Alpha)  Ophluohi,  as 
follows: 


Telesoope . 

Watoh  time. 

Vertloal  angle. 

7h  08m  07s  p.m. 
7h  09m  25s 
7h  10m  Sis 

/ 

12 * 31’  00" 
2*  l8 ' 00" 

2*  07*  30" 
LI*  -58'  00" 

7h  13m  SJs 

7h  IRm  l8fl 

1°  25'  00" 

1*  12'  30" 

AOf  OaHOU- •«■-*  " 

Mean  temperature  at  time  of  oban . — -50*Fahr . 

Bar ome trio  reading  at  time  of  obsn.— — — — 29.6  ins. 


Transit  of  (Alpha)  Ophluohi,  oivil  date  and  mean  time,  is 

3h  52m  12s  p.m. , Ootober  16,  1944 
Sub. 35m  24s  oorreotion  to  Ootober  25 

3h  l6m  48s  p.m.,  transit  Oreenwloh  Meridian 
Sub,  lm  20b  reduotion  for  longitude  of  this  station 

3h  13m  28a  p.m. ,l.m.t.  transit  of  (Alpha)  Ophluohi. 

lh  10m  36s-additive  far  oorreotion  to  Paoifio  war  time. 

sln  b Formula  for  derivation  of 

00s  t ■ — — — - - tan  4 tan  d sidereal  hour  angle  "t" 

oos  4 00s  d in  angular  measure. 

t ■ sidereal  hour  angle  expressed  in  angular  measure, 
h - vertloal  angle  oorreotod  for  refraotion,  (r) 

Jm  latitude  of  station  ■ 45*  3?'  30"  N. 

■ deolination  of  star  ■ 12*  36'  12"  N. 


The  following  reduotions  are  made  to  obtain  the  true  vertloal 
angles  of  the  above  observations: 

1st  obsn.  2nd  obsn.  3rd  obsn.  4th  obsn.  5th  obsn.  6th  obsn. 
v s 42#31,00"  42*l8'00"  42*07' 30"  4l*38'00"  41*25'00"  41*12'3Q" 
r . -1  03  -1  03  -1  04  -1  05  -1  03  -1  Oo 

h . 42*29'57"  42*16' 57"  42*o6'26"  41* 36 '55"  4l*23»55"  41*11' 24" 


Solutions  of  observations  by  foregoing  formula  are  as  follows: 


Two  operations  are  oammon  to 
Denominator  of  1st  term 

log  oob  0 ■ 9.845341 

log  oos  A ■ 9.989407 

Sum  - 9.834748  . log  SD 


reduotion  of  all  six  observations. 
Anti-log  of  2nd  term 

log  tan  4 ■ 10.008212 
log  tan  a « 9» 349448 
Sum  - 9.35766O 
Anti-log  ■ .22786  • N2 
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Altitude  Observation  of  a Star  for  Time. 


1st  obsn. 


2nd  obsn. 


log  sin  h • 9.829676  log  sin  h 
log  SD  ■ 9,85474-8  subtraot 

anti-log  ■ m 1st  term 

N2  ■ .22786  subtraot 

00s  t ■ *76053 
t . 40*29*20" 

■ 2h4im57s 

-26s  sidereal  oonversion 
2b41m31s  mean  time  hour  angle 
add  5M5m28a  l.m.t. star's  transit 

5h56m59&  l.m.t.  of  obsn. 
add  Ihl0m56s  oorr.  to  P.W.T. 


.75644 

40*50*54" 

2h45m24a 

-27s 

2h42m57s 

3bl5m2os 

5b58m25s 

Ihl0m56s 


7b07m35a  P.W.T.  of  obsn.  7b09m01s 

7h0om07a  watob  t.  of  obsn.  7h09m25a 

32s  watoh  fast  of  P.W.T.  24s 


3rd  obsn. 


log  sin  h 


_ 9.826412 
9.854748 
9.991664 

:B38 

41*0! ?i6" 

2h44m33a 

-27a 

2b44mOos* 

3hl5m28s 


5h59m3ds 
Ibl0m56s 
7hlOmlOs 
7hlOm34 s 

24s 


4th  obsn.  5th  obsn.  6th  obsn. 


log  sin  h ■ 9.622250  log  sin  h 1 

log  SD  • 9.834748  subtraot 

■ MSB* 

log  sin  h . 9.818^ 

9.987502 

9.985646 

9.983846 

anti-log  - .97^63  1st  term 

.96749 

.96349 

N2  ■ . 22786  subtraot 

.22786 

.22786 

008 

t - .74577 

.75963 

.73563 

t m 

41»56* 47" 

42*18*00" 

42*38 '22" 

m 

2h47m47s 

2h49ml2s 

2h50m33a 

-26s  sidereal  oonversion 

-28s 

-28s 

2h47ml9s  mean  time  hour  angle 

2h4.8m443 

2h50m05s 

add 

3hl5m26s  l.m.t. star's  transit 

3hl5m28s 

3hl5m28s 

6h02m47s  l.m.t.  of  obsn. 

6h04ml2s 

6h05m33s 

add 

lhlOn^s  oorr.  to  P.W.T. 

lhl  010363 

Ihl0m36s 

7hl3m23s  P.W.T.  of  obsn. 

7hl4m48s 

7hl6m09s 

7hl3o55a  watoh  t.  of  obsn. 

7hl5ml8s 

711161044.3 

30s  watoh  fast  of  P.W.T. 

30s 

35« 

By  1st  obsn.  watoh  fast  of  P.W.T.  32s 
By  2nd  obsn.  watoh  fast  of  P.W.T.  24s 
By  3rd  obsn.  watoh  fast  of  P.W.T.  24a 
By  4th  obsn.  watoh  fast  of  P.W.T.  30s 
By  sth  obsn.  watoh  fast  of  P.W.T.  30s 
By  6th  obsn.  watoh  fast  of  P.W.T.  35a 

Mean  watoh  fast  of  P.W.T.  29s 
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Meridian  Observation  of  the  Sun  for  Apparent  Noon. 

\ 

Observer:  Geo.  F.  Rigby 
Recorder:  LeRoy  7.  Wollney 

Date:  September  9,  1944.  Instrument:  W.  k L.  E.  Gurley  No.  235O 

September  9,  1944,  in  latitude  42°  32*  24"  N.,  and  longitude 
119®  4®'  30"  W. , with  the  telesoope  in  the  meridian  and  elevated 
to  the  sun's  altitude,  I observe  the  sun's  transit  for  time,  not- 
ing the  watoh  time  of  transit  of  each  limb: 

Mean  watoh  time  of  apparent  noon  3 i2h  55m  egs 
Watoh  fast  of  looal  mean  time  = 50®  42s 

Field  Reoord. 

Setting:  90*  00'  00" 

0 / (-)  42®  32'  24"  N. 

d i (+)  5*  08'  28"  N. 

v i 52®  36’  04" 

-of—  Watoh  time  of  transit  of  W.  limb  s 12h  54m  46s 

—(a-  Watoh  time  of  transit  of  E.  limb  2 12  56  56 

Watoh  time  of  apparent  noon  s 12h  35m  320 

Apparent  noon  2 12^00°  00 s 
Equa.  of  time  s - 2 30 

Looal  mean  time  of  apparent  noon  s 11  37  10 

Watoh  fast  of  looal  mean  time  s 3&h  42a 


\ 


€ 


■;.<V 

' r-—  ' • 


s.  ».r  • . 
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meridian  observation  of  the  sun  for  apparent  noon 

Date,  Observer. 


i/BvO  • 

Sept.  6,  1944. 


Observer. 
Otis  0.  Gould. 


Instrument. 


Buff  and  Buff  No.  I7998. 


Vj«*9O#-0±D 


Final  field  notes. 


Sept.  6,  1944t  In  camp  located  in  sec.  5,  T.  25  S,,  R.  3 W. , 
Or0son.  in  latitude  43°  25*  30"  N. , and  longitude  123* 
04 s'W.,  with  my  watch  set  fdr  pacifio  standard  time  as  oheoked  by 
radio  time  signals,  with  the  telescope  in  the  meridian  and  elevated 
to  the  sun's  altitude,  I observe  the  sun's  transit  for  time,  noting 
the  watch  time  of  transit  of  each  limb: 


Mean  watch  time  of  apparent  noon  12h  10m  30s 
Watch  fast  of  local  mean  time  12m  19s 


Field  reoord. 


Setting: 


$ 

D 

V p* 


90*00' 


52*50$' 


Wat oh 
-9  Watch 


Watoh  time  of  transit,  W.  limb  *»12h  09m  2bs 

Watch  time  of  transit,  £.  limb  »12h  11m  34s 


Watoh  time  of  transit , W.  limb 
Watoh  time  of  transit,  £.  limb 


Watoh  time  of  apparent  noon  * 12h  10m  30s 

Apparent  noon  12h  00m  00s 
Equation  of  time lm  493 


12h  10m  30a 


Looal  mean  time  of  apparent  noon  *=llh  38m  11s 


Watoh  fast  of  looal  mean  time 


12m  19s 
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Meridian  Observation  of  a Star  for  Time. 


Star:  25/49  0.9 

(Alpha)  Aquilae  (Altair) 


Deoli nation 
8*  43*  24-  N. 


Date 

Ootober  26,  1944 


Observer:  Norman  D.  Price  Instrument 
Recorder:  George  F,  Rigby  Buff  N0.I7998 


meridian  previously  determined  at  my  station,  in  the  SW± 
of  NW*  of  seo.  25,  T.  1 H..  H.  1 of  Willamette  Meridian, 
latitude  45*  32*  30*  N.,  and  longitude  122*  39*  W., 
***“ teles oope  in  the  meridian  and  elevated  to  the  star’s 
altitude,  to  oheok  the  reading  of  my  watoh  whloh  indicates  ap- 
proximate Paoifio  war  time,  I observe  the  star's  transit  for 
time  as  follows: 

Watoh  time  of  star's  transit — — 6h  37m  55s  p.m. 


Theoretioal  time  for  transit  of  star  for  this  date  is  derived 
as  follows: 


6h  07m  36s  p.m.,  Oct.  16  transit  of  star,  Greenwioh  Meridian, 
olvil  date  and  mean  time. 

39n  loa  subtraot,  correction  to  Oot.  26. 

5h  28m  18s  p.m.,  Oct.  26  transit  of  star,  Greenwioh  Meridian, 
oivil  date  and  mean  time. 

lm  20s  subtraot,  oorreotion  for  longitude  of  this  station. 
5R  26m  58s  p.m. ,l.m.t.  Oot.  26  transit  of  star. 
lh  10m  36s  add,  correction  to  Paoifio  war  time. 

6h  37m  34s  p.m. ,P.W.T.  Oot.  26  transit  of  star. 


Watoh  time  of  star's  transit — — 6h  37m  55s  p.m. 

Theoretioal  time  of  star's  transit 6h  37m  34s  p.m. 

Watoh  fast  of  Paoifio  war  time — 21s. 
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Stellar  Meridian  Transit  Observation  for  Time. 

Observer:  Geo.  F.  Rigby 
Recorder:  Norman  D.  Price 

Sate:  Ootober  25,  1944*  Instrument:  W.  & L.  E.  Gurley  No.  2350 

October  2S,  1944,  in  latitude  45*  32*  30"  N.,  and  longitude 
122*  39'  00"  W.,  with  the  telesoope  in  tne  meridian  and  elevated 
to  the  star's  altitude,  I observe  the  time  of  transit  of  the 
star  (Epsilon)  Pegasi  to  oheok  the  reading  of  my  watoh  whioh 
reads  approximate  Paoifio  War  Time. 

Star:  26/52  2.5 

(Epsilon)  Pegasi 

+9*  37.4' 

Watch  time  of  transit  6h  3501  17s 

Or.  m.t.  star's  transit  Oot.  16  811  01“  008 
Reduoe  to  " 25  - 35  24 

Reduoe  to  long.  122*  39'  W.  - 1 20 

Star's  transit,  l.m.t 7b  24m 

Reduoe  to  P.W.T.  1 10  36 

Paoifio  War  Time  of  star's  transit  8&  34®  52*1 

Watoh  fast  of  Paoifio  War  Time  0®  258 


- 


PJ  . ' A 


S\.  4'i 
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Meridian  Altitude  Observation  of  the  Sun  for  Latitude 

Example  of  meridian  altitude  observation  of  the  eun  for  latitude;  eua 
eeuth  deelinationi 


Ootober  27,  19W*. 

Observer i George  Wa  Johnson.  Instrumenti  Buff  No.  12*187. 


Collimator  test  of  vertical  oirole.  September  5,  19Uii 

Teleseope  direot.  eights  OK  at  sero 
leleeoope  reversed,  sights  high  at  sero 
Mean  index  oorreotlon 

At  true  rertloal  angle  + IjO*  00'  00" 

Mean  oorreoted  value  I4O*  00'  30" 

Mean  index  oorreotlon  -O'  30" 


0*  00'  00" 
0*  01'  00" 
— ^P~'W 

- 1*0*  00'  00" 

IjO*  00'  00" 

jnsr 


Final  Field  Notes 


Ootober  27,  19U*,  at  the  oor.  of  seos.  32  and  33.  on  the  S.  bdy.  of 
I.  1 S.t  H.  27  Wa,  5th  Prin.  Her.,  Arkansas,  in  approximate  latitude 
3U*  36'  N.,  and  longitude  93*  !&'  W.,  I make  a meridian  observation  of 
the  eun  for  latitude,  observing  the  altitude  of  the  sun's  lower  limb 
with  the  telesoope  in  direot  position,  reversing  the  telesoope  and  ob- 
serving the  sun's  upper  limbi 


Apparent  time  of  observation,  noon 
Mean  observed  altitude 
Heduoed  latitude 


■ 12h  00m  00s 

- I4 2*  30'  00" 

- 31**  36'  03" 


Field  Reoord. 


JL 

~\v 


Setting! 


Observed  alt., 
Observed  alt.. 


90*  00' 

Latitude  / (-)  }U‘  36'  N. 

Deolination  / (-)  12*  55'  S. 


v/  1*2*  29' 

Lower  limb  i|2*  13' 

Upper  limb  1«2*  2*5 ' 


lower  limb,  tel.  dir. 


upper  limb,  tel.  rev. 


■142*  13'  30" 
■ 1*2*  1*6'  30* 


Mean  observed  altitude,  v 

Transit  index  oorreotlon 

Refraotlon  (El, "1000  ft.|  temp.-Uo*  F.) 

Parallax 


- 1*2*  30'  00" 

- 11  -O'  30" 
■ « -1»  03" 

- 40'  08" 


h - 1*2*  28'  35" 

Deol.,  Or.  app.  noon  * 12*  50'  05.0"S. 

Reduoed  to  long.  93*  5^' 

6.26  x 50.69s  ■ 317.3""  - 5'  17.3" 

T2"”55t  E?r*.  12*  55 » 22*  S 


Latitude 


34*  36»  03"  N, 


90*  - deol 


h - 5U*  36*  03" 


iSA- 
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Date  - Hay  30,  19l *1* 


Ob* error  - F.  W.  Williamson  Instrument  - W.  and  h.  g, 

Gurley  No.  3610$ 


Uay  30.  19LU,  at  D.S.L.U.  No.  2363.  Iliamna,  Alaska,  in  approximate 
longitude  15l»*51'  West,  I make  a meridian  observation  of  the  sun  for 
latitude,  observing  the  altitude  of  the  sun's  lower  limb  with  telesoope 
in  dlreot  position,  reversing  the  transit  and  observing  the  sun’s 
upper  limb. 

Apparent  time  of  observation  noon  12  h 00  m 00  s 

Mean  observed  altitude  52*07' X5" 

Reduced  latitude  59*1*1**51" 


q- 


Fleld  Reoord. 

observed  altitude  lower  limb  direct  51*51*00" 


■b 


observed  altitude  upper  limb  reversed 
Uean  altitude  sunt  oenter 


Altitude  oorreoted  for  parallax  and  refraotlon 


52*23*30" 
32*07' '15* 
1*0" 

32r0b'T37r 


Deolinatlon  apparent  noon  Creenwioh  May  30  21*1*7'37" 

oorreotion  for  longitude  1^**51'  or  3'U9" 

10.32  hr*.  '"21',5l*26w 

90*00' 00" 

21*51*26" 

"111*51  ’26" 

11  52»o6'35" 

59*1*1*' 51"  Worth  latitude. 
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Example. 


Dat*»  September  10,  1944.  Instrument!  Gurley  No.  371t>13. 


Observer!  Russell  C.  MaoDonald. 


8,0 • 75*  Meridian  Observation  of  the  Sun  for  Time  and  Latitude. 

ino*  c«ejh*JJb8r  aPProximat8  latitude  41*  35'  N.t  and  longitude 

109  58.3  and  at  an  elevation  of  6500  feet  above  sea  level,  I * 
meridian  observation  of  the  sun  for  tine  and  latitude,  observing  simultan- 
eously the  altitude  of  the  sun's  lower  limb  and  the  transit  of  the  sun's 
I*®®*  reversing  the  telesoope  and  observing  the  sun's  upper  limb 
the  transit  of  the  sun's  east  limb. 


Mean  observed  altitude  

Reduced  latitude  

Mean  watch  time  of  observation 
Watch  fast  of  looal  mean  time.  , 


s 


11'  45" 
35.  09" 

llh  57m  22s 

33* 


Sun's  deolination,  Oreenwioh  apparent  noon.  Sept.  10,  ...  L * 53'  18.7"  N. 
Rsduoed  to  longitude  109*  58*3’  W.,  7.332h  * 5b.66"il46"«  6'  56.0"  (S.) 

The  sun's  apparent  deolination , 4*  46*  22,7"  ». 


Setting. 

90*  00' 

41*  35’ 

Jj.P 

V e< 

53*  11' 

rpi  90*  - / ♦ d 


Lower  limb  52*  55' 
Upper  limb  53*  27' 


Position  of 
Telesoope 

Position 
of  Sun 

Watch  Time 
of  Transit 

Observed 
Vertioal  Angle 

Direot 

Reversed 

+ + 

llh  56m  18s 
llh  58m  26s 

52*1  55'  30" 
53*  26'  00" 

llh  57m  22* 

Refraotion,  oorr.  to  elev.  of  6500  ft. 

43"  x 0.8(ooeff.)  

Parallax 


53*  11*  45" 

l»  ' . 

- 34" 
* 05" 


h 

deol.  - 4*  46'  23") 
/-  4i*  35.15’  ».i 


53*  11*  16" 

9^  t d ...... ...... 

90*  + d - h 4i*  35'  07" 


Equation  of  time.  Sept.  10,  1944.  Oreenwioh  noon  ......(subt)  3»  03.9s 

Correction  to  noon,  long.  109*  58.3'  W.,  06.7s 

Equation  of  time  3m  H« 


Watoh  time  of  apparent  noon llh  57m  22s 

Apparent  noon  ......  12h  00m  00s 

Equation  of  time  ...  — 3m  lls  " 

Looal  mean  time  of  apparent  noon  llh  56m  49s 

Watoh  fast  of  looal  mean  time  33s 


. - ■ ■ . 


,,  *■ 


•■'iV 
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MERIDIAN  0B32T.7ATI0N  OF  THE  SUN  F^R  TIME  ADD  LATITUDE. 


Date:Aug.2?,1944 


Gbeerver:  A.Jf.Srcrvn  Instrument:  Buff  No.  23815 

Recorder:  V?.K.  Teller 

Timer:  W.H.Teller 


FIDeL  FIELD  NOT© 

Aug.  27,  1S44,  In  camp  ln  90e’  19*,T*  45  N*»  R*  5 E«,  o 0. 

latitude  36*08*  Hm,  longitude  106*  21.1*  VJ.t  beroroeter  22.1  • 

tR^nerature  ^7*F. . I Dftlte  a meridian  observation  of  the  sun  for 
«E  «d  ITiK  observing  simultaneously  the  altitude  of  the  sun*.  «JPP« 
limb  and  time  of  transit  of  the  sun’s  east  limb;  then  wv#rstii3  tb*^***®!" 
and  observing  simultaneously  the  altitude  of  the  sun’s  lower  limb  and  time 
of  transit  of  the  Bun’s  east  limb. 

Mean  observed  altitude  s 6l*  47* 

Reduced  latitude  (90*-b+£)  = o8’  13*5" 

Mean  watoh  time  of  obsn.(l!.'.'..Tj,  ss  lh7*®2s. 

tfatoh  fast  of  local  mean  time  = lh^Os. 


FIELD  R830HD 


I 


Setting  90*00* 

0 /£  38*  08*  N, 


* t 9*  55'  »* 

v * 61  • 47'  (9°*  “ f9  + 6 J 


.Upper  limb: 
Loner  limbi 


62*  03’  (v  4-  l6*) 

61  • 31*  (v  - l6‘) 


< 'i 

1 FIELD  OBSERVATION 


Tsleaoope 

Sun 

watch  time  of 
eun’e  transit 
(m.w.t. ) 

Obseiprad  ver- 
tical angle 

Bar- 

onets 

ins. 

Temp. 

r* 

•F. 

Dlreot 

Reversed 

•d— 

-ft 

lhjjra^a.  ,p.m. 
lhombs. ,p.m. 

62*  03'  00" 
61 • 31*  00” 

22.1 

77 

Mean 

4- 

Ih7m2e  # *p  »ib* 

61 • 47*  oo"" 

LATITUDE  CALCULATION 


Observed  vertical  angle  - 6l*  47'  00"“ 
Refraction, (30.OX.75* ‘^W*  22* 

i Parallax  “ 4*° 


) b ZZ 

Sun's  deol.,  Gr.  app.  t.,  noon  -» 
Diff.  for  1 hr.  ss  — 52.o4" 
Reduction  to  long.  106*21.2'  — 

£,  decl.  at  time  of  observation 


6l  • 46'  42.0" 

10*  01*  08.6"  N. 

6«  13.I"  S. 

9*  54’  55*5"  «• 


0.  90*_h+6  - 38*  «'  13*5"  *. 


Til'S  CALCULATION 

patch  time  of  spperent  noon  — Ih7m2a. , p.m. 
Apparent  noon  • 12h00m00s. 

Equation  of  time- lm22s. 

Local  mean  time  of  app.  noon  • 12hlm2?e.,  p.m. 
watch  fast  of  l.m.t.*  lb^Oo. 


I 


■V-  t;  'V 


. 
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MERIDIAN  OBSERVATION  OF  A STAR 
FOR  TH3  AID  LATITUDE* 

Data;  Aug.?o,  1944  Observer  1 A. Instrument  tBuff  Yo  23®15 

Recorder:  •T.H.Teller 
Timer  : ’(.H.Teller 

FINAL  FIELD  NOTES 

Aug.  29,  I944.  in  cemp  In  soc«  1^*  T • ^ Ns 9 H»  ^ S#y  N*MsP »Ms|  CclOey  In 
latitude  38  • Ofl*  N. , longitude  10b • ?1.1'  W.,  barometer  22.1  lne.  ard 
approx,  temperature  1 make  a meridian  observation  of  the  star 

24/48,  sigma  sagltterll,  observing  simultaneously  the  altitude  end  time  of 
transit,  then  reversing  the  transit  telescope  and  observing  the  altitude. 

Mean  observed  altitude  = 25*  31'  JO" 

Reduced  latitude  ( 90  - h -6  ) = ^3"  07’  5®" 

rfetah  time  of  observation  (m.w.t.)=  9I1  24m  42s.  p.m. 

Retch  fast  of  local  mean  time  — lb  6m  0a. 


FIELD  RECORD 

Setting 

8 

• 

O 

0 i= 

38-08'  N. 

6 =/= 

26"  22'  a. 

v */= 

25-  30* 

t =/= 

qh  25m  p.m, 

1 


. OBSERVATION 


Telescope 

Usteh  time  ofi 
star's  trenslt 
7.T.) 

Observed  ver- 
tical angle 

Bern- 

meter 

1ns. 

Est. 

Terap. 

•F. 

Direct 

Oh  24a  42s 

25*  31*  3O" 

22.1 

60 

“erereed 

1 " 

25.  31*  30" 

22.1 

60 

Mean 

qt  24m  42s 

25.  511  30" 

22.1 

60 

LATITUDE  CALCULATION 

Observed  vertical  angle  — 25*  3*'  3°” 

Rofraotioni  (2.0  x.75  x .98“  — **  28" 

h ,,  = 25"  30*  02" 

5 . plgcai  saglttarll  = 26*  22'  00"  3. 

p = 90»-h  - 6 «=  38*  07'  58"  N. 

I.  e ' 

TIMS  CALCULATION 

Rntoh  time  of  star's  transit  — 9h  24m  42®. 

Gr.  mean  time  of  star's  tran.=  8h  19m  94.-. 

Correction  for  long.  106*2^1'* In  12a.  - 1®  09* 

L.M.T.  of  star's  transit  = 8h  lftn  42e»  8h  If)®1  1+5* 

Natch  fhet  of  L.M.T.  1 lh  6m  00a.  jh  9m  97s 
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Example. 

Cate i September  10,  19W).  Instrument)  Gurley  No.  371t»13* 

Observer)  Russell  0.  UaoDouald. 

Seo . 75a*  Meridian  Transit  of  a Star  for  Watoh  Correotlon 
In  Looal  Mean  Time,  and  Latitude. 


September  10,  19UU.  in  approximate  latitude  1)1  35'  N.,  and  longitude 

109*  56.3'  W.,  and  at  an  elevation  of  6500  feet  above  sea  level,  I make  a 
meridian  observation  of  ff  Saglttarll  for  watoh  oorreotion  in  looal  mean 
time,  and  latitude,  observing  simultaneously  the  altitude  and  transit  or 
the  star,  reversing  the  telesoope  and  observing  the  altitude  of  the  star. 

Mean  observed  altitude  22*  01*'  145" 

Reduoed  latitude  1)1*  35'  °9" 

Watoh  time  of  star's  transit  ....  7h  31*  5°a  P»®« 

Watoh  fast  of  looal  mean  time  ...  32s 


o-  Sagittariii  deollnation  26*  22.0'  S.,  Magnitude  2.1  No.  214/1*8 

Greenwich  mean  time  of  transit 8h  08.0m  p.m. 

Correotlon  to  September  10  ” 35*h® 

Sidereal  oonversion  to  longitude  109*  58.3'  .........  * l«3a 

Looal  mean  time  of  star's  transit  7h  31*lf®  p.m. 


Setting) 


V*  90* 

- / - d 

90* 

00' 

/*(-) 

ia; 

35’ 

d * (-) 

26* 

22' 

rpt 

22* 

°3r : 

1. 


Po’sTtTon-ST 

Telesoope 

Watoh  Time 
of  Transit 

Observed 

' Vertioal  A n*le 

Direot 

Reversed 

7h  31m  56s  p.m. 

' 22*  0I4  • 30" 
' 22*  05  ' 00" 

Mean 7h  31m  56s  p.m.  22*  01)' 

Refraotlon,  oorr.  to  elev.  of  6500  feet, 

2'  22"  x 0.80  (ooeff.) *.  - 1' 

h 22*  02' 

A-  26*  22’  S.t  90*  - d 63*  38' 

/ - l)lk  35'  N.I  90*  - d - h la*  55* 

K r 


1)5" 

5hr 


09" 


Watoh  time  of  star's  transit 7h  31®  56s  p.m. 

Looal  mean  time  of  star's  transit 7h  31®  2l)s  p.m. 

Watoh  fast  of  looal  mean  time  32s 


c 
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Example  of  altitude  observation  of  Polarla  at  Upper 
Culmination  for  latitudes 

Observers  Glenn  R.  Haste 


Final  field  notes. 


August  31.  1944,  In  approximate  latitude  33*  23*  N. , and 
longitude  107*  IX'  38"  W. , I make  an  altitude  observation  on 
Polaris  at  upper  oulmination  for  latitude,  making  four  ob- 
servations , tiro  eaoh  with  the  telescope  in  direot  and  revers- 
ed positions. 


Watoh  set  oorreot  mountain  war  time 
by  radio  signal. 

Kean  watoh  time  of  observation 
Kean  observed  vertioal  angle 
Reduoed  latitude 


Field  reoord. 


w ish  17m  01s  e.m, 

= 34*  21*'  52" 

*33*  23 ’4  ». 


Settings  90*  00' 
d^89*  00' 

90*-d  otl*  00* 

. f &>'_  g3' 

▼M*  23'  /+(90*-d) 


Gr.  U.  C.  of  Polaris,  August  31,  1944 
Reduoed  to  longitude  107*  11'. 6 W. 


L.  M.  T.  of  U.  C.'  of  Polaris,  August  31 
War  time  fast  of  standard  time 
Correotion  for  longitude  107*  11'  38" 
Computed  watoh  time  of  upper  oulmination 


= 3h  09.5m 
- - 1,2 

3h  08.3m 

= 3h  beds  2i>s 
= lh  com  00s 
= Oh  08nS  1*7* 
= l*h  17m  11s 


Telesco 


ij>e 


Direot  — — — 
Reversed  — -- 
Reversed  -- — 
Direot 


•y 


Watoh 


Veirtioal 


time. 


l*h  13m  03s 
4h  15m  01s 
4h  19m  00s 
4h  21m  00s 


angle. 


34*  at*  00" 
34*  26'  00" 
34*  26*  30" 
34*  23’  00" 


Mean  4h  17m  01s 

Refraotlon  (cor.  for  elev.3600*)- 

f 

h 


34*  24*  52" 

- l*  15" 

*-  2K  $ 


l*  00 

f 33*~53 


up* 


d=  88*  59*  47" I 90*  - d 
/=33*  23'.4=hf(90*-d) 
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ALTITUDE  OBSERVATION  OF  POLARIS  AT  UPPER  CUUOKATION  FOR  LATITUDE 


Data:  Oet.  l8,  1944.  Obaanrar:  Elliot  Bird  Instrument:  Buff  Ho.  18003. 


In  approximate  latitude  40*44'  N.,  longitude  111*52'  W.,  I Bake  an 
altitude  observation  on  Polarle  at  upper  culmination  for  latitude, 
Baking  four  obeerratlona,  two  each  with  the  tel ate ope  In  dlreot  and 
rarer aed  positions. 

Watoh  carries  oorreot  105th  aerldlan  standard  var  time,  haring  been 
e capered  with  Western  Union  tine  signals  broadcast  hourly  orar  radio 
station  ISL,  Balt  Lake  City,  Utah. 

Setting! 


90* 


90*  00' 

dO*  44* 


1 i 

a* 

▼ ¥ 41*  44' 


44' 

00* 


0 ♦ (90*  - 6) 


Greenwleh  U.C.  of  Polaris  Oot.  l8,  1944 

Reduotlon  for  longitude 

Local  Bean  tine  U.C.  of  Polaris  Oot.  If 

Correction  for  longitude  111*52'  W. 

Correction  for  war  tlae 

Oonputed  watoh  tine  of  U.C.  Oot.  l8 


■ Oh  1.2m  a.B. 

• -1,2m 

• Oh  0.0m  (midnight) 

- *2>  2fls 

■ ).h  00m  00s 

• lh  27m  20b  a.B. 


Telescope  I Watoh  time  Vertloal  angle 

Dlreot lh  23a  4a  41*  44*  30" 

Rerereed.... lh  27m  7e  '41*  45*  00" 

Rereraed lh  30m  2s  41*  45'  00" 

Direct lh  fon  7s  AI*  44'  30" 

Mean lh  2tim  20a  41*  44'  45" 

Rofraotlon -1  5 

h -41*  43*  40" 

6 ■ 89*00*03";  90°  - $ - -59*  57" 

0 • 40*43' .7  ».  - h ♦ 6 - 90*  -40*  43'  43" 


G 


MEMO] 

Rofraotlon  oorreoted  for  elevation  abore  aea  level  (1*500  ft.)  aa 

follows  I 


Observed  vertical  angle  ....... 

Refraotion  (1'  05"  X .86  • 56") 

h 

8 • 89"  00'  03"l  90*  - 6 


- 1*1"  W+'  1+5" 

- -56 

- 1*1*  1*3'  hr 

" 59  57 


fl  - Ifi*  14.3.9'  H.  ■ h+e-90* 


• • • • 


. l*o*  1*3'  52" 


'.I  • ’ M -A 


* /nr 

■j  m 


m-: 
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Xaaple  of  Altitude  Observation  of  Polaris  at  any  Hoar  Anglo  for  Latitude, 
8oe.  133 -A,  aaklng  aaa  of  tha  table  giran  la  the  Bphemerie: 


Final  Flail  Hotea. 


*»•  23,  1944,  la  tha  SK.  i of  aaa.  16,  T.  7 I„  J.  3 X.,  Salt  Laka  Meridian, 

U approximate  latltuda  41*  20’  If.,  and  longitude  111*  37*  V.,  Z Bale*  an  altituda 
observation  on  Pol  aria  at  an  hoar  angla  for  latltnda,  aairiag  four  observations, 
two  aaoh  with  tha  talaaeopa  la  dlraot  and  reversed  positional 


Mean  obaarrsd  vertical  angla 
Mean  watch  tin*  of  observation,  a.  a. 
Watch  raada  correct  103th  Marldlan 
atandard  tine,  after  deducting  1 hoar 
frat  war  tine,  aa  determined  by  radio 
algnala 

Red  no  ad  latltnda 


42*  00'  30« 
4h  46m  38a 


00m  00a 

41*  20*  37" 


Field  Record 

Hour  angla  ohaarvatlon  of  Polaris  for  latitudes 


Talaaeopa 

Dlraot 

Heversed. 

Rarer aad. 

Dlraot.* 

Wean..... ........... 


Vertical  angla. 

Watoh  time. 

, 41*  58*  30" 

4h  44a  43s  a. 

41  59  30 

4 45  50 

. 42  01  30 

4 47  20 

. 42  02  30 

4 48  37 

, 42*  oo*  30’ 

4h  46m  38s  a. 

Watoh  faat  of  looal  naan  time  or 

eorreotlan  for  longitude  111*  37*  W.  26  28 

L.  K.  T.  of  ohaarvatlon,  Juno  23,  1944  ■ 4b  20n  10a  a. 


■ 4h  20.2m  a.  m. 

Or.  0.  0.  of  Folarla,  ease  data  ■ 7h  39.41a  a.  m. 

Redaoed  to  longitude  111*  37*  W. 1 - -1.2ft  - 7h  38.2m  a.  n. 


Laaa  L.  I.  T.  of  ohaarvatlon  sane  data  4 20.2 

Argument  for  table  for  hour  angle  of  Polaris  oast  of  ner.  - 34  lB.Om 
Declination  of  Folarla  **88*  39'  39" 


Primary  adjustment,  aubtraotlve, 
Folarla  abova  the  pole. 

Mean 

tine 

Declination. 

hour 

angle 

88*  59*  40" 

3h  lWe 
3 18.0 
3 «34 

OOO 

Mean  observed 

vert.  ang.  ▼ ■ 42*  00*  30" 

Correction  for 

refraetlon  « -01  04  See  nemo. 

h * 41*  59*  26"  below. 
Primary  adjust- 
ment to  eleva- 
tion of  pole  • -0*  38'  47" 
Supplemental 

oorreotlon  - -0*  O'  02" 

Latitude  of  ate.-  41*  20*  37" 


Determination  of  tha  Azimuth  from  tha  Mean  Tina  Hour  Angla  obtained  In  tha 
Altitud*  observations  of  Polaris  for  Latltuda,  given  In  above  examplat 


Mean 

time 

hour 

angla 

Azimuth  of  Pol aria. 

Correction  additive 
for  deollnatlon 
88*  59*  40" 

Mean  Declination. 

♦ 89*  00*  00" 

Latitude 

40* 

41*  20*  37" 

42* 

3b  9.5* 

58.3* 

59.6* 

60.2* 

0.3  V 

3 18.0 

0.3 

319*5 

60.6 

61.9 

62.5 

0.3 

Aslmth  of  Folarla  • 1"  1.6*  ♦ 0.3*  . 1*  1,9.  . j.*  lt 


1 
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Analytical  reduet ioa  for  Latitude,  using  tha  Mean  Ttoe  Boor  Angle  and  Altitude 
given  la  tho  exaaplo  oa  aheet  No.  2 s 


la  order  to  proa a ad  with  tho  analytical  raduotlon,  It  la  e oar solan t to  begin 
with  aa  angle  a,  oowputed  frcsa  tho  equations 

taa  i 

Toa  a , la  whloh  aquation  tho  faotor  *eoo  t"  boooMO  negative  for 

ooa  t 

hoar  angles  exceeding  90*,  whoroapon  a will  ozoood  $0*. 
t • oldoral  hoar  aaglo  counting  frees  tho  worldlaa. 

ft  • 88*  M'  39* • h - 41*  59'  e6"* 

Tho  latltodo  lo  dorlTod  frow  tho  oqaotloa: 

ola  as  ola  h 
Ooo  ( 0 - « ) 

ola  8 


Tho  aboro  oxawplo  of  tho  flold  observation  lo  rodaeod  ao  followos 


Mooa  tlao  hoar  angle 
Reduced  to  oldorol 
hoar  aaglo  add 

Slderal  hoar  aaglo  t 


3h  18.0a 

2l 

3h  lfia  330 


Bow  rodoood  to  angu- 

lor  aoaoaroaoBt  t - 49*  36*  15* 


log  tan  8 
" ooo  t 

a taa  a 


II.755552O  log  ola  a - 9.W9719 
9.8113212  • ■ h - 9.0294313 


I.9442308 


, 19«8254032 
• i - 4.9999331 

log  ooo  (0  - a)  - 9.8254701 


« - 89*  20*  55« 

By  infraction 
(f  - a lo  a 
negative  aaglo . 

I <i  0 . a — $3*  O'  17“ 

a - 89*  20 ' 55" 

Latltodo  of  otatloa 0 ■ 41*  20'  38* 


Tho  rofraotloa  oorraotlon  la  adjusted  for  flotation  of  itatioa  (/  6600  ft.) 


ao  followat 

Hoaa  observed  vertloal  angle,  ▼ ■ 42*  00'  30* 

Rofraotloa  oorr.  (1*  04*  X .79  ■ 51")  " -51 

„ „ h - 41*  59'  39" 

Primary  adjustment  to  elev.  of  pole  .....  * -38  47 

„ Supplemental  oorraotlon  • -°2 

Latitude  of  station,  0 ■ Ul*  20'  50"  H. 


Latitude  by  formulae  as  aboro,  using  corrected  value  for  "h"i 


K.t.h.a.  ( Jh  18*  00* 

Red.  to  sj[d.  h.a.  *33 
Sidereal  h.a.  3h  18“  33* 

t - 49*  58‘  15" 


log  tan  s — 11.7555520  log  ala  « 

" ooo  t - p.8113212  " " h 

• tana  - 1.9442308 

a - 89*  20'  55*  " * 


log  00s  (0-a) 
a 


- 9.9999719 

- 9.8251616 

9.8254337 
- 9.9999331 


- 9.8255006 
«-U8*  00’  o4" 
■ 89*  gQ'  55" 


f,  - 41*  20’  51"  »• 


8 
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Example  of  hour  angle  observation  of  Polaris  for  latitude i 

Observeri  Glenn  R.  Haste, 

Pinal  field  notes. 

Ing.  31.  19M*,  at  the  standard  oor.  of  Tps.  10  8.,  Rs.  3 
and  1*  W.,  in  longitude  107*  11'  38*  W,,  I make  an  hour  angle 
observation  of  Polaris  for  latitude,  reading  two  vertioal 
angles,  one  eaoh  with  the  telesoops  in  diroot  and  reversed 
positions  1 


Mean  observed  vertioal  angle 
Mean  watoh  tine  of  observation,  a. a. 
Watoh  fast  of  l.a.t.,  determined  by 
radio  signal  reading  mountain  war 
tins 

Reduoed  latitude 


3U*  15'  45* 

6h  22a  32s 


lh  06a  47* 

33*  23’  15" 


Field  reoord. 


Hour  angle  observation  of  Polaris  for  latitude  1 

Telescope.  Vertioal  angle.  Watoh  time. 

Direct — — 

Reversed  ———————  34*  151  50" 


6h  22m  10s  a.a. 
6h  22m  5i*a 


Mean  —————  34*  15.  45" 
Watoh  fast  of  local  mean  time  ------ 

L.  M.  T.  of  observation,  Aug.  31,  I9J4I4. 


6h  22m  32s  a.a. 
* lh  08a  47s 

* 5h  13m  45»  • .». 

* 5b  13.7®  ^.m. 


Or.  U.  C.  of  Polaris, 
same  date  3h  09.5m  a.a. 

Reduoed  to  longitude 
107*  11*  38"  W.  - 1.2 

Hour  angle  of  Polaris  west  of  the  meridian « 2h  05.4m 

Declination  of  Polaris  +88*  J)'  It 6.9" 


s 3h  08.3m  a.a. 


Mean 

time 

hour 

angle. 

Primary  adjustment,  subtraotlvo,  Polaris 
above  the  pole. 

Declination. 

+88*  59'  40" 

+ 88*  59  * 46.9" 

+ 89*  00'  00" 

lh  59.7m 
2h  05.4 
2h  11.6 

0*  52'  07" 
0*  50'  27" 

0*  52*  01" 
0*  5)'  13" 
0*  50'  21" 

0*  51*  50" 
0*  50*  10" 

Mean  observed  vertioal  angle,  v * 34*  15'  45" 
Correction  for  refraotion,  (elev. 

3600  ft.  above  sea  level.)  * i»  15" 


h 

Primary  adjustment  to  elevation 
of  pole. 

Supplemental  oorreotion 


*34"  l4t  30" 

- 0*  51'  13" 

- 0*  00  * 02" 


Latitude  of  station. 


= 33*  23'  15", 


In  order  to  proceed  with  the  analytioal  reduotlon,  it  la 
convenient  to  begin  with  an  angle  a,  computed  from  the  equatloni 
tan  d 


Tan  a*  OOB  ^ , in  which  equation  the  factor  "cos  t"  becomes  nega** 
tlve  for  hour  angles  exceeding  90*,  whereupon  a will  exeeed  90*. 
The  latitude  may  then  be  derived  from  the  equatloni 


sin  a sin  h 
Cos(*-a)= JJ7J- 


1 


- '1  ft  r ■ • it 

<«a  ■ P,- 


'•  V V . 


'•H  :,2- 


vr 


?■  '**« 


* 


I**  'V,  *» 
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Th«  »bOTB  OXMpls  of  0 

Moan  tiao  h.a,  2h  05.1m 

Rod.  to  aldaral 
h.  a.  + 0.3 

Sldoral  h.a.  & 55*7» 


flold  observation  la 

log  tan  da  1.7565011 
" ooa  t=  9.9511136 

• tan  a«1.8253B75 


rodueod  as  folloirsi 

log  sin  0*  9«99995lU 

* * ha  9*7502651 

9.7502165 

* " d=  9.9999337 


mamMsaam  a„  09*  06*  37* 

Sana,  rod.  to  log  eos  (4>a)s  9.7502028 

ang.  naas.,  t-  31*  25*  30*  i-.---.-i.?:  » 


By  Inspection  It  will  bo 
soon  that  /-a  Is  a neg- 
ation angle.  ■■■■"'  — 

Latitude  of  station  — — - 33*  23*  13* 


/•as  -55*  l*5»  2U* 
a® +89*  08*  37" 


2 
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*>*%•«  *er.  »,  1944. 


Obaerreri  t.  T.  Lyman.  Instrument  i Charley  Vo.  871667. 


Field  reoord. 


Flul  fit  Id  notee. 


■or.  2,  1944,  Or.  X.  B. 
of  Polerie,  let.  40* 

Seduoed  to  long.  111*  83'  W. 
Reduoed  to  let.  46*  84'  ■• 

L.n. t.  of  1.  B.  of  Polerie 
■etoh  feet  of  l.a.t.  by  redlo 
tiae  olenalo 

■etoh  tiae  of  X,  X. 

5*  02.6®  p.a. 
- 1.2® 
t 0.8 

8**  02,2®  p.a. 

' 

lh  26.2® 

flh  28.4*  p.a. 

t i 

Teleaoope. 

■etoh  time. 

Direst. ................ 

eh  sent  ena  . — 

Rerersed 

6 2A  30 

Rerereed 

8 29  80 

Dlreot 

6 80  20 

Mean 

6h  29*  40*  p.a. 

lor.  2,  1944.  «t  the  tor.  of  toot.  1. 
2,  11  tad  12,  T.  7 H.,  S.  1 X.,  Prin. 
Her.,  Montent,  letltudo  46*  24'  V., 
longitude  111*  53’  ■.,  et  6*  02. 2* 
p.a.  ,l.a.t.,  I obe errs  Poltrit  et 
oeatorn  elongetion,  making  four 
obitrrationt,  two  oeoh  with  the  tele* 
•oopt  in  direct  end  rerereed  poeit- 
ione,  end  merle  the  Been  point  in  the 
line  thue  determined,  on  e peg  drlren 
in  the  ground,.  6 oho.  I. 

Aelonth  of  Folerit  et  eeetora 
elongetion  1*  26'  47*. 

At  6h  56®  p.B.,U.W.t.,  X ley  off  the 
eaiauth  of  Polerie  1*  26'  47"  end 
e*ke  e meridian  aeiie  on  e eeoond 
peg,  6.33  feet  to  the  weat  of  the 
mean  point  in  the  line  deterained 
by  obeerretieni  X rerify  the  eagle 
by  e rentier  reeding  of  the  ln- 
e t rumen t. 


Deoil  notion  of  Polerie  8Sf  00'  09*3*  .V. 


« 

Declination* 


i 


Latitude 

69*  00'  00" 

89*  00'  09" 

89*  00’  10" 

! 

Aelauth 

1 

46*  00'  00* 

1*  26'  28" 

1*  26'  09" 

1"  26*  09" 

46  26  00 

47  00  00 

1 27  69 

1 26  47 
1 87  48 

| 1 87  44 

* 

is*  - ■ 

m '■ 
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Elongation  Observation  of  Polaris,  Observing  Program  "a." 

Observer:  Oeo.  P.  Rigby 
Reoorder:  LeRoy  V.  Wollney 

Date;  September  9,  1944.  Instrument:  W.  k L.  E.  Gurley  No.  2350 


Field  Reoord 


Final  Field  Notes 


Sept.  9,  1944,  Or.  E.B. 

of  Polaris,  lat.  40* 

Red.  to  long.  119*  46*  30" 
Red.  to  lat.  42e  32'  24"  N, 

L.M.T.  of  E.E.  of  Polaris 
Watoh  fast  of  l.m.t. 


W. 


8b  34m  36s 
- 1 19 
0 21 


8b  33m  38“ 
0 


Deolination 


|88°59,40"|88«59'49"|88*59,-50" 


Latitude 


Azimuth 


42*00*00"|  1#21'11"|  1*20’59"|  1*20 '58"* 
42*32 *24" | I 1*21' 41- I 

43*00»00"|  l*22t30l>l  1>22,17"|  1*22* l6 w 


Watch  time  of  Z.B. 

gh  32m  208 

Telescope 

Watoh  time 

Direot 

gh  29®  508  p.m. 

Reversed  

9 32  07 

Reversed  

9 33  34 

Direot  

9 35  36 

Mean  ........ 

9 32  47  P.m. 

Deolination  of  Polaris 

88*  59'  49" 

Sept.  9.  1944,  in  oamp  in 
SEiNWi  aeo.  15,  T.  35  S., 
R.  25  Z. , Willamette 
Meridian,  Oregon,  in 
latitude  42°  32’  24"  N., 
and  longitude  119*  46' 

30*  W.,  at  8b  33m  38a 
p.m.,  l.m.t.,  I observe 
Polaris  at  eastern 
elongation,  making  four 
observations,  two  each 
with  the  telescope  in 
direct  and  reversed 
positions,  and  mark  the 
mean  point  in  the  line 
i thus  determined,  on  a 
peg  driven  firmly  in 
the  ground,  10  ohs.  N. 

Azimuth  of  Polaris  at  east- 
ern elongation  1*  21'  41" 

Sept.  10:  I lay  off  the 
azimuth  of  Polaris,  1* 
.21*  41 ",  and  make  a me- 
ridian mark  on  a second 
peg.  23.77  Iks, 

(15.69  ft.)  to  the  west 
of  the  mean  point  in  the 
line  determined  by  the 
observation;  I verify 
the  angle  by  a vernier 
reading  of  the  instru- 
ment . 


4 


I 


jaw : 


. 


. -,vs, 
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July  9,  1944. 


Observer:  Walter  H.  Good 
Reoorder:  Ditto 

Tine  : Ditto 


Instrument: 
Gurley  No.  38103 . 


Field  Reoord. 


Final  field  notes. 


Oh 

41. 2m, a.m. 

- 

01.25 

+ 

0.35 

Oh 

40.3m  a.m. 

34.7 

lh 

15,0m  a.m. 

July  9,  1944:  Or.  E.  E. 
of  Polaris,  lat.  40® 

Red.  to  long.  113®  35'  W. 
Red.  to  lat.  42®  25'  N. 

L.M.T.  of  E.E.  of  Polaris 
Watoh  fast  of  L.M.T. 

Wat oh  time  of  E.E. 


Telesoope.  Watoh  Time. 

Direot . — ih  i2m  08s 

Reversed - lh  14m  12s 

Reversed— ——————— ih  13m  36s 

Direot lh  17m  00s 

Mean — lh  14m. 44s  a.m. 

Deollnation  of  Polaris  68*  39'  38.4s 

Logoos  88®  59*  38.4"  • 8.244453 
" 42®  25'  - 9.868209 

Logsin  A ■ 8.376244 

A-  1®  21*  46" 

not 

Raduotlon  formulae  used  above* 

8ia  A ■ °°*  8 
ooa  0 


July  9,  1944,  at  the  corner  of  Tps. 
11  and  12  S. , Rs.  24  and  25  E. , 
Boise  Meridian,  in  lat.  42®  25 » N. , 
long.  113®  3 y W. , at  Oh  40.3m., 
a.m.,  l.m.t.,  I observe  Polaris  at 
eastern  elongation,  making  four 
observations,  two  eaoh  with  the 
telesoope  in  direot  and  reversed 
positions,  and  mark  the  mean  point 
in  the  line  thus  determined,  on  a 
eg  driven  firmly  in  the  ground, 

.00  ohs.  N. 


Azimuth  of  Polaris  at  eastern 
elongation-  1*  21'  46". 

July  10:  I lay  off  the  azimuth  of 
Polaris,  1®  21 *'  46",  to  the  west, 
and  nark  the  meridian  thus  determined 
by  a taok  in  a peg  driven  firmly  in 
the  ground,  8.00  ohs.  N. 


1 ii 
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8#pt.  1*.  X9U*. 


William  H.  Teller,  observer)  Buff  No. 18001 

Donald  Skinner,  reoordlng.  General  Land  Office 

eolar  transit. 

Polar!*  at  elongation,  observing  program  "b" . 


field  Reoord 


final  field  Notes 


Sept.  4,  1944,  Or.  E.  I. 
of  Polaris,  lat.  40* 

Rod.  to  long.  106*  22'  V. 

Rod.  to  lat.  J7*  45*  N. 

L.  11.  T.  of  |.  I.  of  Polarlo 

Watoh  fast  of  L.  U.  T. 

Watch  time  of  E.  E.  pf  Polaris 


• 8k  54',2  p.a. 
a - 1'.3 

a O'.  2 


8h  53. 1 p 
5.3 


•m. 


8h  58 '.4  p.m. 


Teleeoepe 

Watoh 

Tima 

Deflection 

angle 

Dlreot 

8b  5&n  38s 

1*  16*  00"  r, 

Reveroed 

8h  57m  28s 

1"  16*  00" 

Dlreot 

8h  57a  43* 

l*  16*  00" 

Reversed 

8h  58m  5&s 

l*  i6*  00"- 

ksqn 

8h  57m  41s 

1*  16*  00" 

Sept.  4.  1944.  at  a point  near  the 
SE.  cor.  of  T.  41  N.,  R.  5 E.,  N. 
U.  f.  M. , In  Colorado,  In  latitude 
37*  45’  N.,  longitude  106*  22' 
st  8h  57*. 7W.  h,  M.  , 1 obaorvo 
Polaris  at  E.  Elongation,  making 
four  observations,  two  each  with 
the  telescope  In  dlreot  and  re- 
fereed positions,  reading  the 
deflection  angle  to  a point  on 
oliffs  eight  ohalns  N,  of  my 
station,  east  to  Polarlsi 
Azimuth  of  Polaris 
at  eastern  along.  ■ 1*  l6'  fl8* 
Dean  daf lection 

angle  a 1*  !&'  00" 


True  bearing  of 
nark 


Declination  of  Polaris  a 88*  59'  48"  N. 


J C 


Declination 


Latitude 

88*  59*  40" 

88  * 59’  48" 

88*  59*  50" 

37*  00* 

Y 15’  33" 

1*  15*  23" 

l*  15*  20" 

37*  45’ 

i*  1$’ 49" 

00 « 

1*  16*  34" 

l*  16*  24" 

1*  16 • 21" 

. E.0'00'  08"  S. 


The  sun  at  meridian  passage,  for  time. 


,„h  a a 
12  03  10 
12  05  15 
ha  e 
12  Oli  12 


Sppt.  l*i  Watoh  time,  sun's  west  limb 
" * " east  " 

Watoh  time  of  apparent  noon 

Apparent  noon  12h  00*  00* 

Equation  of  time  - 1 07  L.M.T.i  11  58  53 

Watoh  fast  of  looal  mean  time  r 5"  19* 
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Observer  Thornes  W.Orewford 
Trenslt  Buff  No. '10899'* 


September  10,  1944,  »t  e transit  point,  neor  the  north  eeet 
comer  of  T.  33  N.,  R.  7 2.,  New  Mexloo  Prlnolpul  Meridian, 
Colorado,  In  letltude  37*  34*5  N. , end  longitude  106*  8.4  **, 
at  8h  27.3®  P*m. , 1.  m.  t.,  1 observe  Polaris  at  eastern 
elongation,  making  four  observations,  two  eaoh  with  the  telescope 
In  dlreot  and  reversed  positions,  reading  the  defleotlon  angle 
from  a light  bulb,  In  a street  light,  about  20  ohs.  N.,  east 
to  Polarlsi 

i, 

Azimuth  of  Polaris  at  eastern  elongation  1*  15’  55" 
Mean  deflection  angle  2*  02*  22" 


True  bearing  to  street  light  N.O"  46*  27"*. 


Sept.  10,  1944>  Cr.  2.  2. 
of  Polaris  lat.  d.0*  f 
Red.  to  long.  10b*  8.4  *• 
Rad.  to  lat.  37*34*5  N. 


8h  30m  42a  p.m. 
1 10s 

15s 


L.  M.  T.  of  2.  2.  Polaris 
ffatch  fast  of  L.  M.  T. 


8h  29m  17s  p.m. 

4m  32e 


Vetch  time  of  2.  2. 


8h  33®  49s  Pam. 


Telescope 

Watch  time 

Defleotlon  angle 

8h  2?m  30s 
8 30  00 
8 32  42 
8 36  10 

2*  01*  30"  , 
2*  03*  00" 
2*  02*  00" 
2*  03*  00" 

8h  31m  37s 

I* 

2*  02'  22" 

Declination  of  Polaris  88*  59'  49*7 


88*  59'  40" 

88*  59*  49:7 

88*  59»  50" 

Latitude 

37*  00; 
37*  34*5 
38*  00' 

Azimuth 

l*  15*  33" 
l*  16'  34" 

1*  15'  20?4 
l*  15’  55; 
l*  15'  21.4 

1*  15'  20" 
1*  16'  21" 

Azimuth  of  Polaris  at  elongation  computed 
by  the  equation 


oos  d 

Sin  A 

008  f 

lOg  008  d 8.2430593 

" oos  # 9.8990296 


Sin  A 9.3440301  1*  15*  55" 


1 
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Example  of  observation  of  Polaris  ot  elongation  for  azimuth,  observing 

program  ■ "i 


Field  reoord 


Transcribed  field  notea. 


May  31,  19W*,  Gr.m.t., 

E.E.  of  Polaris,  lat.  itO*  3“  13*6“  a.m. 
Red.  to  long.  10l**17'05.5"l».  - 1.1 

Red.  to  lat.  33*23 '1*0.8"N.  - 0.7 


L.n.t.  of  E.E.  of  Polaris  3h  12.0“  a.m. 


Deolination  of  Polaris  ■ 08*  59'  1*1  .5" 


Deolination 

latitude 

p8*59'i*0" 

88*59'1*1.5" 

88*59'50" 

Azimuth 

33*00'00" 

1*11 '56" 

1*11 '1*1*" 

33  83  1*0.6 

1 12  16 

l*12'll*" 

1 12  Ol* 

31*  00  00 

1 12  1*7 

1 12  31* 

May  31>  19l*l*,  at  the  dosing  Tp.  cor,, 
on  the  2nd  Standard  Parallel  South, 
in  latitude  33*  23'  1*0.8"  N.,  and 
longitude  10l**  17'  05»5*  W.,  as  com- 
puted  frost  tie  to  U.  S.  Coast  and 
Geodetio  Survey  station  "Comanche" 
in  seo.  36,  T.  10  S.,  R.  26  E.,  in 
order  to  verify  the  alignment  of  the 
east  bdy.  of  T.  11  S.,  R.  26  E.,  I 
biseot  Polaris,  follow  the  motion  of 
the  star  to  eastern  elongation,  at 
3h  12°  a.m.,  l.m.t.,  and  mark  the 
direction  upon  a peg  driven  firmly 
in  the  ground  6 ohs.  H.|  1 then  re- 
verse the  instrument,  again  biseot 
Polaris,  and  mark  the  direction  upon 
the  peg.  Without  changing  the  instru- 
ment in  horizontal  motion,  1 sight 
to  Polaris  to  make  oertain  that  the 
settings  were  made  at  elongation] 
there  appeared  to  be  no  deviation  in 
azimuth  for  some  15  or  20  minutes. 


1 lay  off  the  azimuth  of  Polaris,  1* 

12'  ll*",  to  the  west  of  the  mean  dir- 
ection determined  by  the  observation 
and  set  a point  for  the  test  meri- 
dlant  then  by  direot  and  reversed 
sights,  1 ascertain  that  the  angle 
subtended  by  the  flag  on  the  oor.  of 
seos.  1,  6,  7,  and  12,  is  0*  13'  08", 
or  0*  00'  08"  from  the  reported  bear- 
ing. 


/» 


\ 


9 


9 
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Hour  Angle  Observation  of  Polaris  In  Daylight  with 

Verification  of  Watoh  Time  by  Noon  Observation  of  Sun. 


Date  Observer  Instrument 

September  4.1944  Norman  D.  Price  Buff  No .1799® 

At  oamp  in  seo.  5,  T.  2S  S.,  H.  3 W.,  Willamette  Mer., 
Oregon,  in  lat.  43*  25’  30"  N.,  and  long.  123*  04'  25"  W., 
to  oheok  the  reading  of  my  watoh  whioh  indicates  approximate 
standard  time  for  the  120th  meridian,  I make  a meridian  ob- 
servation of  the  sun  for  apparent  noon  as  follows: 

Watch  time  of  sun's  transit 12h  10m  36s  p.a. 

Watoh  fast  of  l.m.t. — — — — - llm  44s 

Same  by  calculated  diff.  in  long.-  12m  los 
Watoh  slow- — — 34s 


At  the  same  station,  with  my  watoh  re-set  to  indioate  cor- 
rect 120th  mer.  time,  I make  an  hour  angle  observation  of 
Polaris  east  of  the  meridian,  making  four  observations,  two 
eaoh  with  the  telesoope  in  direct  and  reversed  positions 
and  mark  the  mean  point  in  the  line  thus  determined,  on  a 
peg  driven  firmly  in  the  ground,  10  chs.  northerly  from  my 
station,  as  follows: 


Telescope 

Direot 

Reversed 

Reversed 

Direot 

Mean — 

Watoh  fast  of  l.m.t. 
L.M.T.  of  obsn.— — 


Watoh  Time 
6h  28m  15s  p.m. 
IS 
2* 


6 

6 

6 


31 

32 

a 


6h 


31m  41s  p.m. 

12m  18s 


6h  19m  23s  p.m. 


Nearest  u.o.  of  Polaris,  oivil  date  and  mean  time, is 

2h  49m  34a  a.m. , September  3,  1944 
Sub,  lm  20s  Reduction  to  longitude  of  this  station 
2h  48m  34s  a.m.,  l.m.t.,  u.c.  of  Polaris 
12h  00m  OOs-Add 
lAh  4tim  34s 

bh  10m  2Ts-Subtraot  l.m.t.  of  observation 
8h  29m  11s  Mean  time  hour  angle  of  Polaris 
lm  24s-Add  for  reduction  to  sidereal  time 
8h  30m  350  Sidereal  time  hour  angle  of  Polaris 
127# 38 '45*  Sidereal  time  hour  angle  of  Polaris 


TanA-  ,5,53^^  _sin<pCosT 


Formula  for  reduction  of 
Azimuth  "A” 


T ■ Sidereal  hour  angle  127*  38'  45" 
$ ■ Latitude  of  station  43*  2S'  39" 
D « Deol.  of  Polaris  08  • 59'  4®" 


Log  oosO  9 -661101 
Log  tanD  11. 75665^ 

Add 17617734 

Anti-log-41. 4?0, 

Anti -log - 0,Aiq85- Add 
Anti-log-41. 80905-of  denominator 
Log-  1.622110  of  denominator 
Numerator—————— 

Subtraot  log.  of  denominator — 

Log.  tanA— 

Azimuth  of  Polaris  "A*— — — — — 


Log  sin$  9.837213 

Anti-log— O.41985 
Algebraio  sign  is  minus 
sinoe  oosT  is  in  2d 
quadrant . 

-Log  sinT  9. 


fc 


-l*  04' 


I lay  off  the  azimuth  of  Polaris  1*  05',  to  the  west,  and 
mark  the  meridian  thus  determined,  by  a taok  in  a peg  driven 
firmly  in  the  ground,  10  ohs.  N.  of  my  station. 
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Hour  Angle  Observation  of  Polaris,  Observing  Program  "a." 


Observer:  Geo.  F.  Rigby  Recorder:  LeRoy  V.  Wollney 

Date:  September  9,  1944.  Instrument:  W.  & L.  E.  Gurley  Ho.  2350 


Field  Reoord 


Final  Field  Notes 


Meridian  observation  of  the  sun  for 


apparent  noon: 


0 

■ 42' 

• 52' 

2d"  N. 

90* 

00' 

00" 

d 

8 ? 

08 

28  N. 

2L_ 

2? 

56 

0 - d 

8 37' 

> 23. 

56" 

v s 52° 

36* 

04" 

Watoh  time 

Sun*  s 

W.  limb  . 

54“ 

488 

It 

E. 

It 

Sb 

56 

Watoh 

time 

of  app.  noon  . 

55“ 

52» 

App.  noon 

12h  00®  008 

Equa. 

of  time 

- 2 50 

L.M.T 

of  apparent  noon 

11 

57 

10 

Watoh 

fast 

of  1 

.m.t. 

58b 

42® 

Sept.  9,  1944.  in  camp 
in  the  SEtNWs  of  sec. 
15,  T.  35  S.,  R.  25  E. , 
Willamette  Meridian, 
Oregon,  in  latitude 
42°  32*  24"  N.,  and 
longitude  119°  46 ' 3®" 
W. , I make  a meridian 
observation  of  the  sun 
for  apparent  noon. 

Watoh  time  of  obsn.  = 

12h  55m  52s 

Watoh  fast  of  l.m.t.  s 
56®  42B 


Hour  angle  observation  of 

Polaris: 

Telesoope 

Watoh  time 

Direot  

7h  59m  32s  p.m 

8 00  50 
8 02  00 

Reversed  ................ 

Reversed 

Direot  

8 03  20 

Mean  . r . . . 

8h  01®  26s  p.m 
- 58  42 

Watoh  fast  of  l.m.t 

L.M.T.  of  obsn |7h  02m  44s  p.m 

|7h  02.7m  p.m 


Or.  U.C.  of  Polaris,  Sept. 

10,  1944 2“  30.3®  a.m. 

Red.  to  long.  119°  46'  3°" 

W - 1.3 

L.M.T.,  U.C.  of  Polaris, 

Sept.  10  2h  29.0“  a.m. 

+12 

L.M.T.  of  obsn.  Sept.  9 7 02, 7 p.m. 

Hour  angle  of  Polaris 

east  of  meridian  7h  26. 3® 


Deollnatlon  of  Polaris  88°  59*  5°" 


Mean 

time 

hour 

angle 

Azimuth  of  Polaris 

1 

1 Correction 
1 addative 
|for  deoil- 
| nation 
188®  59’  50 

Mean  declination 

+89°  00'  00" 

Latitude 

42°  | 42°32.4' 

1 44° , 

7&18.8® 

75-5’ ! 76.1* 

I77-9’ 

0.2’ 

7 26.3 

1 75-1 

1 

1 0.2* 

7 28.8  |74.1  | 74.8 

176.6 

| 0.2’ 

Azimuth  of  Polaris  = 1®  15*1'  + 0»2’  = 
1®  15»  18" 


.At  the  same  station,  at 
” 7h  02.7®  p.m.,  l.m.t*, 

* I I make  an  hour  angle 

observation  on  Polaris 
| east  of  the  meridian, 
making  four  observa- 
“I  tions,  two  each  with 
* | the  telescope  in  direot 
and  reversed  positions, 
and  mark  the  mean  point 

* I in  the  line  thus  deter- 

mined,  on  a peg  driven 
firmly  in  the  ground, 

10  ohs.  N. 


Watoh  time  of  obsn., 
mean  of  four  readings 
s 8h  03®  26*  p.m. 


Sept.  10,  I lay  off  tha 
azimuth  of  Polaris, 

1°  15*  18",  to  the 
west,  and  mark  the 
meridian  thus  deter- 
mined, by  a taok  in  a 
peg  driven  firmly  in 
the  ground,  6 ohs.  N. 


r.  :■**&* 


v:  « ..V.KV 


if  - Wi& 


■.*:■  ■ $ 
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Datet  May. 17,  1943.  Observer:  Hal  D.  Craig  Instrument, 

Recorder i M.  3.  Craig  Buff  No.  9985. 

HOUR  ANCLE  OBSERVATION  OF  POLARIS,  OBSERVING  PROGRAM  *b* 


Field  record. 


Final  field  notes. 


Hour  angle  observation  of  Polaris 


Telescope 


Direct 

Reversed 

Reversed 

Direct 


Horizontal  angle  j 
Polaris  to  Flag 

0*  28'  00" 

0*  26'  00" 

0*  25'  00" 

0*  27'  00" 


Mean 


0*  26'  30" 


Watch 
time,  P.M. 

7h  38m  00s 
7h  40m  00s 
7h  41m  00s 
7h  42m  00s 

7h  40m  15s 


Watch  corrected  to  90th 
meridian  standard  time. 

Correction  for  longitude  — ——  4m  40s 


L.M.T.  of  observation. 
May  17,  1943  


7h  44m  55s 


Or.  U.C.  of  Polaris, 
same  date,  lOh  6m  54s, 

A eDle 

Reduced  to  longitude 
88*  50'  W. , Om  58s 

Hour  angle  of  Polaris , 

west  of  meridian 

» 

Declination  of  Polaris 


lOh  05m  56s 

- 9h  38m  59s 
88*  59'  26.8" 


Azimuth  of  Polaris 


Mean  declination 
88  * 59  ' 45" 


Latitude 


Correction 
additive  for 
Declination 
88*  59'  26.8" 


Mean  time 

44* 

45*59' 

46* 

hour  angle 
9h  38.4m 

47.4' 

49.0' 

49.0' 

9h  39.0m 

48.8' 

45.9' 

9h  48.4m 

44. 4' 

45.9' 

00.2' 

00.2' 

00.2' 


Azimuth  of  Polaris , O’  48'  48"+  00.2' 
0*  49'  00" 


May  17,  1943 « 

At  my  Sta- 
tion In  the  Village  of 
Alvin,  Wls. , approxi- 
mately 20  ohs.  north  of 
the  south  boundary  of 
section  35,  T.  41  N., 

R.  13  E.,  4th  Prin.  Mer. , 
Wls.,  in  longitude  88* 

50'  W.,  and  latitude 
45*  59'  N.,  having  cor- 
rected sy  watch  to  the 
true  90th  meridian  stand- 
ard time;  at  7h  45m  25s 
l.m.t. , I sake  an  hour 
angle  observation  on 
Polaris  west  of  the  meri- 
dian, two  each  with  the 
telescope  In  direct  and 
reversed  positions , read- 
ing the  horizontal  angle 
from  a narrow  strip  of 
flag  cloth  placed  verti- 
cally on  a tree  about 
7.00  ohs.  dist. , which  an 
earlier  solar  observation 
shows  to  have  a bearing  of 
N.  0°  23'  W.^to  Polaris, 
at  the  left  of  the  refer- 
ence flag. 

Watch  time  of  obeervation, 
7h  40m  15s , p.m. 

Mean  horizontal  angle  from 
Polaris  to  flag,  0*  26'  30* 


Azimuth  of 
Polaris  west 
df  meridian, 

True  bearing 
of  flag, 


0*  49'  00" 


N.  0*  22'  30*W. 


. * : j.- 
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gxample  of  Hour  Anglo  Observation  of  Polaris  for  Azlauth 


Oboarror:  Carl  3 . Swanholm  Instrument : Buff  and  Buff  Ho.  1799* 

September  2J,  1944 

Station:  A point  on  the  Harp  power  line  near  the  Hawthorns  terminus  In  eeotlon 

27,  T.  8 H.,  R.  30  K.,  Mount  Diablo  Meridian,  Nevada. 

Latitudes  38° 31'  N.  Longitude:  118#38'  W.,  (115**  7h40u 

3°-  12m 

38  '■  2m32e 

7h54aSie) 

Long,  oorreotlon,  additive 

to  Faolflo  standard  time  5m28» 

Hpur  angle  observation  on  Polaris,  east  of  the  meridian:  Referenoe  to  oenter 

of  water  tower  about  3 miles  distant,  and  weat  of  Polaris. 


Telesoope  Horizontal  angla  from  Hat ah  time 

tower  to  Polarla 

Direct  26*25*00"  7h24m30s  p.m. 

Reversed  26*25' 30"  7 28  3° 

Reversed  26*26*00"  7 33  30 

Dlreet  26*26'30"  7 38  00 

Mean  26* 25' 45*  7 31  15  P»*. 

Watch  fast  of  Paoiflo  std.  time  “ Ih03m08s 

Longitude  oorreotlon  » 5m28a 

L.  M.  T.  of  observation  6h33n43s  p.m. 

6h33*7m  p.m. 

Oreenwloh  D.  0.  of  Polaris,  September  24th-  -----  lh35«4m  a.m. 
Oorreotlon  for  longitude  “ 1«3» 

L.  M.  T.  of  0.  0.  -----  Ih34.im  a.m. 

♦12h 

W.ts — 

L.  M.  T.  of  observation-  - --  --  --  --  --  --  --  6h33»7» 

Hour  angle  of  Polaris,  east  of  the  meridian  7h00.4m 


Deollnatlon  of  Polaris,  September  23,  1944-  - 88*59'5*.0" 

Azimuth  of  Polaris 


Mean  time  Mean  declination  Correction  to  azimuth 

hour  angle  89° 00 '00"  Additive  for  deollnatlon 

88° 59* 5*" 

Latitude 

38*00'  38*31*  40*00* 

6h58.9m  73.3'  73.8'  75.4' 

7h00.4m  73.6'  0.1' 

7h08.8m  72.3’  72.8'  74.4' 

Azimuth  of  Polaris,  declination  89®00'00"  73.8'  i 

Oorreotlon  to  deollnatlon  88*59' 5**0" 

7>7r 

Azimuth  of  Polaris - ---N.  1*13' *2" 

Horizontal  angle  to  west  of  star  26*25'*5" 


True  bearing  of  referenoe  point' 


N.  25*12*03"  W 


39 


Meridian  observation  of  the  sun  for  apparent  noons 

September  24,  1944 

Tangent  to  Sun's  W.  limb 
Tangent  to  Sun's  E.  limb 

Watob  time  of  apparent  noon 

Apparent  noon  Ilh59m60s 

Equation  of  time  - 7 59 

L.M.T.  of  apparent  noon  Ilh52m0ls  a.m. 

Wateh  fast  L.M.T. 
Long,  oorreotlon 
Watch  fast  120  Mer.  S.  time 


Watch  time 
12h48m35s  p.m. 


12  49  41 
• 

p.m. 

11  52  01 

a«A. 

' 0h57m40s 

♦ 5 28 

' *..s 


Boar  angle  observation  on  Polaris,  west  of  the  meridian;  Reference  to 
point  selected  for  obaerration  of  preceding  erenlng. 


Tele so ope 

1st  set: 
Dlreot 
Reversed 
Keen 

2nd  set: 
Dlveot 
Reversed 
Kean 

Jrd  set: 
Direct 
Reversed 
Kean 


Horizontal  angle  from 
tower  to  Polaris 


Watch  time 


23*59.15- 

25059*50- 


23058*45" 
23058' 30" 


23"  58 '15" 
23* 58*30* 


23"  59*22" 


23058*38" 


23058*22" 


Orssnwloh  U.C.  of  Polaris,  same  date 
Oorreotlon  for  longitude 
L.M.T.  of  U.O. 


7h09m20s  a.m. 
7 13  00s  a.m. 


7hl7mOOa  a.m. 
7 19  00  a.m. 


7h21mOOs  a.m. 
7 23  00  a.m. 


Ih35,4m  a.m. 
• 1.3m 

lh34.1m  a.m. 


7hllml0s  a.m. 


7hl8mOOs  a.m. 


7h22m00s  a.m. 


Watoh  time  of  obsn. 
Watoh  fast  L.M.T. 
L.M.T  of  obsn. 

L.M.T.  of  0.0 . 
Hour  angles , ee»4-- 
(west) 


Mean  time 
hour  angle 


1st  set  2nd  ,sst  3rd  set 
7hllml0s  a.m.  7hl8mOOs  a.m.  7h22mOOs  a.m. 

57m40s  57m40s  — 
6hl3m30f  asm.  6b2Ctai20s  a.su  £h24m20a  a.m. 
6h  13.5m  a.m.  6h  20.3m  a.m.  6h  24.3m  a.m. 
lh  34.1m  a.m.  lh  34.1m  a.m.  lh  34.1«  a.m. 
4h  39.4m  4h  46.2m  4h  50.2  m 


Azimuth  of  Polaris 

Mean  declination 
09° 00*00" 

Latitude 


Oorreotlon  to  azimuth 
Additive  for  dedication 
88*59'54" 


38*00" 

38*31" 

40*00* 

4h 

39.2m 

71.9* 

72.4* 

74.0* 

0.1* 

4h 

39.4m 

72.4* 

4h 

46.2m 

73.1’ 

0.1* 

4h 

49.2m 

72.9' 

73.** 

75.0* 

0.1* 

4h 

50.2m 

73.5* 

4h 

59.2m 

73.8’ 

74.3* 

75.9* 

Azimuth  of  Polaris,  deo.  89*00*00"  72,4*  73.1' 

Oorreotlon  to  dee.  B8°59'54"(Addltlve)  o.l*  0.1' 


73.5* 
0.1* 
7 TW 


I P (ys*>  I.  * . 

Azimuth  of  Polaris,  dec.  89*59*54"  N.  1«12*30»W.  V 1'13*M«*.  >•£»;’£"* 

££  SSC ....  tHwiw.  iww. 

Moan  true  bearing  of  reference  point — H.  25*11'53"  *• 


2 


Carl  S.  Swanholm 
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iDeo . Si  1944  Observer!  Hal  D.  Cretlg  Instrument, 

Reoorderi  M.  S.  Craig  Buff  No.  23461. 

HOUR  ANGLE  OBSERVATION  OF  POLARIS,  OBSERVING  PROGRAM  »b" 


Field  record 


Final  field  notes 


Hour  angle  observation  of  Polaris 


Telescope 

Horizontal  angle 
from  monument 

Watch  time, 

PeBU 

to  Polarle 

Direct 

124*  11'  30" 

4h  47m  45s 

Reversed 

124*  11'  30" 

4h  49m  20s 

Reversed 

124*  12'  00" 

4h  51m  20s 

Direct 

124*  12'  00" 

4h  52m  30s 

Mean  — 

124*  11'  45" 

4h  50m  15s 

Match  corrected  to  75th 
meridian  standard  tins, 

Correction  for  longitude 


0®  o* 
-8m  8s 


L.H.T.  of  obs.  Dec.  5.  1944,  *4h  42m  07s 

Or.  U.C.  of  Polaris, 

same  date  — 8h  48m  18s,  p.m. 


Reduced  to  long. 
77*  01.6'  


-51s  -8h  47m  27s 
p*m* 


Hour  angle  of  Polaris, 
east  of  meridian 

Declination  of  Polaris, 


4h_Jm_Ms 
■89*00' 20.4" 


Azimuth  of  Polaris 


Mean  declination 
89*  00'  00" 


latitude 


Correction 
subtractive 
for  declina- 
tion, 

89*  00'  20.4" 


Kean  time 
hour  angles 
3h  59.3  m 
4h  05.3  a 
4h  09.3  m 


38* 

38*53' 

40" 

66.4' 

68.0' 

67-2' 

68.2* 

68.8* 

68.3' 

69.9' 

00.4' 

00.4' 

00.4' 


Azlmith  of  Polaris,  1*  08.2'  -00.4'“ 
1*  07'  48" 


December  5>  1944*  from 
a point  which  is  a cross 
In  concrete  walk  across 
the  street  from  the 
south  entrance  to  the 
South  Interior  Building, 
Washington,  D.C.,  I 
establish  ay  station 
for  observation  about 
2.00  chs.  distant  di- 
rectly on  line  to  the 
peak  of  the  Washington 
Monument,  In  order  to 
clear  the  vertical  angle 
to  Polaris;  latitude 
38*  53'  30"  N.,  and 
longitude  77*  01'  36"  W.j 
I correct  ay  watch  to  the 
75th  meridian  standard 
time,  and  at  4h  42m  7s., 
l.m.t.,  I sake  an  hour 
angle  observation  on 
Polaris  east  of  the  meri- 
dian, two  each  with  the 
telescope  in  direot  and 
reversed  positions,  read- 
ing the  horizontal  angle 
from  the  peak  of  the 
Washington  Monument , In 
the  SE.  quadrant,  to 
Polaris,  east  of  the 
meridian . 

Mean  watch  time  of  obsn. 
4h  50m  15s.,  p.m. 

Mean  horizontal  angle, 
Polaris  to  monument, 

124*  11'  45" 

Azimuth  of 

Polaris  — 1*  07'  48" 

Angle  from 

N.  to  Mon.  125*  19'  33" 

True  bearing  of 
monument, 

3,  54*  40'  27"  E. 


Memo  i 

Aooepted  bearing  of  monument  (weighted  mean)  ■ S.  5i**  IjO • 25"  X. 
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Example  of  hour  angle  observation  of  Polaris , observing  program  "b"» 
Data  i Goto  bar  13,  1914*. 

Obaarrari  Hugh  B.  Crawford  Instrument i Buff  Ho,  17993 


Field  record. 


Final  field  notes. 


Hour  angle  observation  on  Polarla i 


Telesoope. 

Horizontal  angle 
from  post  to 
Polaris . 

Watoh 

time. 

Dlreot 

1°  13'  30" 

6h  l*2m  1*2  si] 

Reversed 

6 14*  22 

Dlreot 

6 1*5  22 

Reversed 

1*  5U  2*0 

6 1*6  12 

Mean 


1°  13’  1*0" 


6h  14*®  39a 


Watch  alow  of  90th  mar.  stand- 
ard war  time  +10  2*0 

Correction  for  longitude -35  12 

Correction  for  war  time -1  00  00 


L.1I.T.  of  obsn.  Oot.  13,  19U*  = 5h  20m  07* 

p«m. 

Or.  U.C.  of  rdaris, 

Oct.  ll*,  19t4* ■ 12h  17.0m  a.m. 

Red.  to  long. 

90°  J+7 1"39  W. = -1.1 


L.M.T.  U.C. 


= 12h  15.9m  a*®. 

-5  20.1 


Hour  angle  of  Polarla 

X.  of  the  meridian  = 6h  55 -E 


Declination  of  Polarla  = 69°  00*  01" 


Mean 

time 


Azimuth  of  Polarla. 


Mean  deollnatlon 
09°  00'  01" 


angle . 

Latitude 

30° 

39°  07'.  1* 

1*0° 

6h  1*0 .9m 

71*’. 1 

75'. 3 

76 '.2 

55.8 

71*  .75 

58.9 

73  .3 

72*  .5 

75  .1* 

Azimuth  of  Polaris 
nit  n 


by  formula 


10  1*5" 

1*  lk*  1*7" 


Ootober  13,  19M*,  at  a transit 
point,  on  a traot  known  as  Out- 
lot  Lettered  H,  situated  In  the 
town  of  Waldo,  Russell  County, 
Kansas,  in  the  W.  £ of  Sff.  t , 
see.  5,  T*  11  8.,  R,  13  W.,  In 
latitude  39°  07’  2 1*"  H. , and  long- 
itude 98°  471.9  W.,  1 find  by 
comparison  with  a olook  In  the 
Union  Paoifie  Depot  that  ay  watch 
Is  10m  l*0s  slow  of  90th  meridian 
standard  war  time. 

At  the  same  station  at  5h  20m  07s 
p,m. , l.m.t. , I make  an  hour  angle 
observation  of  Polaris,  east  of 
the  meridian,  two  eaoh  with  the 
telescope  in  direct  and  reversed 
positions,  reading  the  horizontal 
doflection  angle  from  the  West  edge 
of  a stone  post,  0,6  foot  wide, 
20.30  ehs.  H. , X.  to  Polaris. 

Watoh  time  of  obsn.  * 6h  14*m  39s  p.m. 
Mean  horizontal  angle 
from  Polaris  to  W. 


edge  of  post 
Azimuth  of  Polaris 

= 1°  13' 

1*0"  W. 

by  inter. 

■ 1 U* 

2*5 

Azimuth  of  Polaris 

by  formula 

= 1 12* 

1*7 

True  bearing  of  W. 

odge  of  post 

H,  0®  01' 

07"  E. 

Comparison  of  meridian  determined  by  direct  altitude  observation  of  the  sun 
for  azimuth,  sun  south  doellnatloni 


Mean  true  ^bearing  of  E.  edge  of  post  = H.  0°  03'  Qi*"  E. 

Deflection  angle  from  E.  edge  of 

post  to  W,  edge  of  post  • - 0 01  35 

Mean  true  bearing  of  W.  edge  of  post  *»  H.  0°  01'  29"  E. 
Mean  true  bearing  of  fw  Mg*  of  post 
by  Polaris  obsn.  (using  azimuth  as 

reduoed  by  formula)  “ H.  0°  01'  07"  *• 
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HOUR  ANGLE  OBSERVATION  OF  POLARIS  FOR  AZIMUTH  AND  LATITUDE. 

Date:  July  7,  1944.  observer:  Ty  White  instrument:  Buff  No.  16724 

At  Guriev  seep  Guard  station  on  the  Coconino  National  Forest,  In 
the  SE  * OT  J o?seo.  21,  T*  24  H...R.  6 E-.  Gila  and  salt  River  Mer., 
Arizona,  In  approximate  latitude  35  26’  N«,  and  -^S^ude  111  46  W», 
my  watoh  reading  correct  standard  time,  as  checked  by  radio 
signals,  make  an  hour  angle  observation  of  polarls,  east  of  tne 
meridian,  making  four  observations,  two  eaoh  with  the  *®1®®°°P®  ^ 
direct  and  reversed  positions,  reading  the  horizontal  angles  *he 
direction  N-E  to  polarls  from  a well  defined  point  on  a dead  pine, 

approximately  15  chains  northwesterly.  .n.ia. 

To  determine  the  latitude  of  the  station,  read  the  vertloal  anglea 

to  polarls. 


Mean  horizontal  angle  from 
reference  point  N-E  to  polarls 
Mean  observed  vePtloal  angle 
Mean  watch  time  of  observation 
Watch  fast  of  1.  m.  t. 

True  bearing  of  reference  point 
Reduced  latitude 


1*  31’  30" 

34*  29'  45" 

8h  07m  27s  p.m. 
27m  o4s 

N.  1*  12*  48"  W. 
35°  26'  44"  N« 


Telescope 


Direct 
Reversed 
Reversed 
Direct 


Horizontal  angle  Vertical  angle 


1®  31.  3o« 
1 29  00 
1 30  30 
1 34  00 


34*  31*  00" 
34  28  00 
34  28  30 

34  31  30 


34*  29'  45" 


Mean 1°  31'  50" 

Watch  fast  of  local  mean  time 
L«  M.  T*  of  observation,  July  7,  1944 

Or.  U.  C.  of  polarlB  Julv  8 
Reduced  to  longitude  111  46'  W. 

L.  M.  T*  U.  C.  of  polarls  July  8 

L*  M.  T«  of  observation,  July  7 

Hour  angle  of  Polarls  east  of  the  meridian 

Decllnatlr  : of  polarls 


Natch  time 


8h  03m  00s 
8 05  45 
8 08  50 

8 12  12 


8h  07m  26.7s  p.m. 
- 27m  00.0s 
=■  7h  40m  26 .7s  p.m. 

= 6h  40.8m  a.m. 

= ~ 1<2 
= 6h  39.6m  a.m. 

•fl2 

= 7 40.4  p.m. 

= lOh  59 -2m 
= 88*  59  ' 38"" 


Mean 

time 

hour 

angle 


lOh  58.2m 

10  59-2 

11  10.2 


Primary  adjustment 
additive,  polarls 
below  the  pole 


Declination 


88°  59*  40" 


0s 

0 

0 


58’ 

58 

59 


19" 

23 

02 


- 34*  29 i 45« 

= - 1 24 

= 34"  28'  21" 


Mean  observed  ver- 
tical angle,  V 
Correction  for 
refraotlon 

h 

Primary  adjust- 
ment to  elev • 
of  pole 

Supplemental  oorr.  

Latitude  of  stations  35®  26*  44"  N» 
(See  memorandum  below) 


+ 0® 
- 0* 


58* 

00’ 


23" 

00" 


Mean 

Azimuth  of  polarls_ 

Correction 

time 

hour 

angle 

Mean  declination 
88°  59'  38" 

auul LI V8 

for  dec- 
lination 

Latitude 

88®  59'  40" 

34* 

35° 27’ 

36® 

lOh  58.2m 
10  i9.2 

18'  .5 

18'  .9 
18' 

19'  0 

O'  .1 

11  08.2 

15'  .5 

15'  .8 

15'  .9 

O'  .1 

Mean  horizontal  angle  from 

polarls  to  reference  point  =1  31  30 

Azimuth  of  polarls  18s .6  + O’ .1  = 0°  18*  42"  E. 
True  bearing  of  reference  point®  N.l“  12'  48"  W. 


Memo  i 

Elevation  of  station  / 7600  ft.j  refraotlon  ooeffloient  - .77 


Correoted  latitude  oomput&tion. 

Mean  observed  vertloal  angle  3U*  29'  h 5" 

Refraotlon  (6 h”  x .77  * 65") - 1 05 

Primary  adjustment  to  elevation  of  pole  ....  +56  23 

Supplemental  adjustment  0 00 


Latitude  of  station  35*  27*  03"  N. 


J - 1 
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ALTITUDE  OBSERVATION  Of  THE  SUN  FOR  AZIMUTH 

Letts  Aug.  29,  1944  Observer:  A.. 1 .Brown  Instrument s Buff  No  23815 

Recorder:  R.C.Dlce 
Timer:  v;.C.Oale 


FINAL  FIELD  NOTES 

Aug.  29,  1944»  in  camp  in  eec.  19,  T.  45  N.,  R.  5 K*»  N.M.P.M.,  Colo.,  in 
letitude  38*  08*  N.,. longitude  10b*  21.1'  U.,  with  barometer  at  22.1  ins.  end 
thermometer  approx.  77*  ?.,  I make  a set  of  three  eltitude  observations  of 
the  sun  for  azimuth,  each  with  the  telescope  in  direct  and  reversed  positions, 
observing  opposite  limbs  of  the  eun  end  reading  the  horizontal  deflection 
angles  from  e flog  previously  set  approx.  SOUTH  of  my  instrument,  to  the  sun. 


Obeorvstion 

Telescope 

Sun 

‘Vatch  time 

Die  V7  • t e 

Vertical 

angle 

Hor.  angle 
flag  to  sun 

1st 

Direct 

-nl- 

8h  39m  31s 

24"  11*  00" 

82"  36'  00" 

6th 

Reversed 

8h  44m  26s 

24  * 77  * 00" 

82  * 21*  00" 

Mean 

8h  41m  58.5s 

24*  24*  00" 

82*  28*  30" 

2nd 

Direct 

8h  4 On  29s 

24*  22'  00" 

82  * 27*  00" 

5th 

Revereed 

8h  43m  39s 

24*  28*  00" 

82"  29'  00" 

Mean 

-f- 

24*  25*  00" 

82"  28*  00" 

3rd 

direot 

-rh 

8h  4 In  20s 

32*  00" 

82"  18'  00" 

4th 

Reversed 

-P- 

8h  42m  41s 

24*  18*  00" 

82*  39'  00" 

Mean 

-t- 

Ph4&n  0.5s 

24"  25*  00" 

82"  20*  30" 

By  1st  observation:  flag  bears  S,  0*  O’  24"  E« 


By  2nd  observation:  flog  baare  S.  0*  O'  02"  E. 
By  3rd  observation:  flag  beers  S.  0*  O'  tfl  " 

Mean:  true  bearing  of  flag  ■=  S.  0»  O'  01 " Ws 


THIS  CALCULATION 

Mean,  ra.w.t.  of  observations  8h  42° 
iTatob  fast  of  app.  time  lh  Is. 

Apparent  time  of  observations  7^  37^ 


DECLINATION  CALCULATION 

Sun's  deal.,  Or.  arp.  noon  9*  lP*  43*6"  W* 

Hourly  difference  53*29H 

Red.  to  long';  106*  21.1'ff.J  7h  5m  24s. 

Red.  to  time  of  oban.  4h  23m  00s. 

2.71h  =»  2h  42m  24a. 

2-71  X 53.39*  24.7_"9. 

Deol.  of  mean  aun  for  period  of  obsn.  9*  16*  l8.9"N 


REDUCTION  TO  TRUE  VERTICALS. 


1st  Obsn. 
v.  24*  24*  00" 
Ref.  - 1*30.2" 
Parallax  + 8,0" 


2nd  Obsn. 

24*  25'  00" 

- 1'30. 1" 

+ 8.0" 


3rd  Obsn. 
24"  25'  00" 
- 1*30.1" 
+ 8.0" 


h 


24*  22*37.8" 24*  23*37.9" 24*_23'37.0" 

'"azdoth  C ALOULAT  IONS 


1st  observation  reduced  by  the  e<pv:tion: 


cos  A-  ■■  — t""  f tan  h 

roe  0 ooe  h 


» 9*  16*  18.9' 

' » 

0-38* 

> 08*  00"  1 

[ h » 

24*  22' 

jj  9.895741 

log 

sin  6 

9.207148 

log 

tc.n  0 

h 9.955446 

** 

" h 

9.855187 

9.855187 

loe 

log 

net 

(+) 

9- 351951 

• C24B9 

net. 

- (") 
(+) 

006 

A (-) 

(1) 

37.8" 

9.894892 

9.6^232 

9.551.124 

•35573 

.22489 

0.13084 
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A=  true  bearing  of  aim  = 3.  82  * 28*  54"  Z. 
Angle  from  flag  to  aun  ■ 82*  26'  ;0" 

True  bearing  of  flag  = 3.  0*  0*  24"  I. 


2nd  Observation  Reduced  by  seme  Fbmrilct 

A = true  bearing  of  eun=S.  82"  28'  02"  |. 

Angle  from  flag  to  oun  = 82*  28*  00" 

True  bearing  of  flag  = S.  0»  0*  02"  S. 


3rd  Obaerratlon  Reduo ed  by  same  Formula! 

A*  true  bearing  of  eun=3.  82"  2B*  02"  A. 
Angle  from  flag  to  eun  = 82*  28*  3O" 

True  bearing  of  flag  = 3.  0»  O'  28"  W. 

Average  of  Obens.  1,2  and  3» 

True  bearing  of  flags  S.  0»  O'  1"  IT. 


i 


azimuth  calculation 

let  Observation  Reduced  by  the  Squat ions 

eoe  |A=  Ib In  8 aln(  3-oo-decl.) 

' oln  co-lat.aln  eo-clt. 


90*-j»»  90*-  36»o8'oo"  ■ 
90*-e»  90*-  9*16*18. 0" 
90*- h-  90*- 24*2?' 37. 8" 

2 3“ 

S “ 

oo-deol.  “ 

3 — oo-deol.  * 


51*  52'  00"  - 
8o»  43*  41. 1". 
65*  37*  22.2"» 
198*  13*  3. 3" 

99»  06'  31.6" 
86»  43«  41. l" 
18 • 22*  50.5" 


on -let. 

oo-deol. 

00-alt. 


log  Bin  3 = 9«994489 

log  Bln  £ oodeol. = 9.498765 

" " oo-lat.  * 9.89574I  9.493254 

" " 00 -alt.  = 9.959446 

9.85518,7  9.855187 

log  008*  ^A  “ 9.638067 

log  OOB  iA  = 9.819033 

iA  = 48*  45'  33" 

A;  true  bearing  of  eun=l8o»-97"  31'  6"  = 3*  82"  28*  54"  *• 
(Cheeks  solo,  by  let  formula) 


AZIMUTH  CALCULATION 


1 et  Obaerrotlon  Reduced  by  the  Equations 


y cob  + 0 + e ) siofe(  C+  0 - * ) 
V eoa  t(  c -p  - s ) sln*(C-0  + c ) 


00  • 

h =.  24*  22*  37.8" 

ff  m 6*j»  37*  22.2" 

0 a 38*  08  * 00" 

i f 0 » 103"  35*  22.2* 
s , 9"  16*  18.9"  (+) 
<>  +0  + S = 113*  01*  41. i" 


£ - 65*  37*  22.2" 

0 = 38*  Ofi*  00" 

S - 0 = 27*  29*  22.2" 

5 - 9»  16*  18.9"  H-) 

6 -0  + = 26*  45*  41.I" 


(2) 


45 


+ = 56*  30*  51" 


C + f “ 103»  45*  22.2" 

G » 9»  16-  1P.9"  (+) 

£+^-c  - 94*  2o»  03.3" 

)*  47*  14*  32" 


i(C-0+f)  = 18 • 22»  51" 

C -J»  a 27  • 29*  22.2" 

G » 9»  i6»  18.9"  (+) 

£-0-6“  *»  l8 • 13*  O3.3" 
i(C-  e-  ) = 9*  o6»  32" 


log  cos  i($+j»  + £ ) => 

" fin  £(£+)*- G)  - 

" coa  i(C-0-G  ) ■ 9.994488 

» sin  fe(C-g+S  ) " 

9-495256 

log  ten*  ~ 

lOg  tan  ^A  = 

i* 


9.741727 

9.865P32 

9-607559 

(->9.493256 

0.114303 

0.0571515 

48"  45.  33" 


A;  true  tearing  of  eun  l80"~97*  31*  6"  = 3.  82"  28'  54"  X. 
( Cheek's  oalc.  by  1st  end  2nd  formulae) 


TIMS  CALCULATION 

1st  Obserratlon  Seduced  by  the  Formula  1 


Tan  it./nalw^jrsTi'rTBHTr 

-rm 

\ZeosJ(C+p  + G ) eee^(f-jJ-G) 

log  eln  6 ) — 

" - t(S-?+G  ) = 

9.665822 

9.498768 

" COB  i(S+(J+ G )=  9.741727 
" " |(C-0-6  ) = 9.994488 

9.364590 

9.736215 

9.736215 

" tan* it  = 

" « At  c 

|t  = 33*  06*  2.5" 

t - bb*  12'  5"  = 

0.628375 

9-8141875 

4h  24"  49a 

App.  time  of  obserratlon  - 

7h  35m  11s. 

Squat Ion  of  time  a 

On  bOe. 

Lo-a?  near  time  of  ohserrr.tlon  *»  7^  36m  1 s.,  a.m. 
"atoh  time  of  obserrrtlon.m.w.t^Ah  41m  56.5s. 

Match  feat  of  l.m.t.  lb  'yn  57.5s. 


(2) 
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maple  of  direct  eltltude  obaerratlon  of  the  eun  for  azimuth  and  time;  sun 
In  north  declination,  and  south  of  an  east  and  west  line: 

Observer:  R.  0.  Tundt  Inetrunent:  Buff  and  Buff  No.  14191 

August  4,  1944,  at  a point  35  link*  south  of  the  corner  of  Tps.  7 and  8 N., 
Ra.  1 and  2 E.,  Salt  Lake  Meridian,  Utah,  In  latitude  41*28*40"  N.,  and  longi- 
tude 111*46*40"  W.,  In  order  to  verify  the  alignment  of  my  random  north  bound- 
ary, (S.  89*59*  W.),  I make  a eerlee  of  three  altitude  obeerratlone  of  the  sun 
for  azimuth,  each  with  the  teleaoope  In  dlreot  and  reverend  position*,  observ- 
ing opposite  limbs  of  the  sun,  and  reading  the  horizontal  angle  from  a flag  on 
my  line  to  the  east,  southward  to  the  sun.  My  watoh  carries  mountain  standard 
war  time. 


Oban. 

Telesoope 

Sun  Watoh  time 

Vertical  angle 

Horizontal  am 

flag  to  sun 

1st 

Dlreot 

10h42m05s  a.m. 

46*34*00" 

21*00*00" 

set 

Reversed 

_K.  10  42  59  a.m. 

46*10*00" 

20*29*00" 

Mean 

' 10  42  32  a.m. 

46*22*00* 

20*44*30** 

2nd 

Direct 

*4*  10h44m02a  a.m. 

46*54*  00* 

21*28*00* 

set 

Reversed 

10  44  36 

46*26*00" 

20*49*00" 

Mean 

' 10  44  19  a.m.' 

ierogrw 

SlbM*JOv 

3rd 

Dlreot 

Tf~  10h45m41s  a.m. 

47*12*00" 

21*52*00" 

set 

Reversed 

10  46  20  a.m. 

46*45*00" 

21*16*00" 

Mean 

1 10' 46  00  ' a.m.' 

TEW 

21*34*00" 

By  the  1st  observation  the  flag  bears 
By  the  2nd  observation  the  flag  bears 
By  the  3rd  observation  the  flag  bears 
Mean  true  bearing  of  the  flag-  - 


N.  89°59’10"  E. 
N.  89*59*23*  E. 
N.  89*59*09*  E. 
N.  89*55*1*"  E. 


Watoh  slow  M.6.W.  time  Ctojle 


The  declination  of  the  sun  for  the  mean  period  of  the  three  observations  la 
17*09*30*  N. 

The  following  reductions  are  made  to  obtain  the  true  vertical  angle*  of  the 


above  observations: 

1st  obsn. 

2nd  obsn. 

3rd  obsn. 

▼ 

46° 22* 00" 

46*40*00" 

46*58*30" 

Refraction 

-55" 

-55" 

-54" 

Parallax 

406" 

406" 

406" 

h 

46®21*11T 

468'59'*T35r 

WWiF 

The  following  examples  of  reduction  are  all  by  the  equation: 


Cos  A * 


elni 

oos  0 cos  h 


- tan  0 tan  h 


1st  set: 
log  oos  0 
log  oos  h 
log 


9.875274 


log  sin  8 9.469842 

log  9.714257 

log  M555H5 

net  + .56962 


log  tan  0 9.944941 
log  tan  h 0.020519 
log  9.965*60 

nat  - .92355 

nat  ♦ .56962 

Cos  A - .35395 

S.  69*16*20"  E. 

920*44*30* 

B.  WWW  E. 
N.  89*59*10*  E. 


True  bearing  of  sun 
Angle,  flag  to  sun 

True  bearing  of  flag 


-1- 

R.  0.  Tundt 
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2nd  Mil 
log  30*  0 
log  oos  b 

log 


9.87527* 

9.836586 

9.7libW 


log  tin  6 9**698*2 


log 

log 

oat  + 


9.711860 
9. 757982 
.57277 


log  tan  0 
log  tan  b 
log 
net  - 
nat  * 
Ooa  A - 


9.9**9*1 
0.025073 
W70TCI 
•93528 
.57277 
. 3605I 


True  'bearing  o t sun 
Angle,  flag  to  aun 

True  bearing  of  flag 


3.  68*52*07"  I. 

♦ 21*08*30* 

8.  WGFTFt. 

V.  89°59*23" 


3rd  set: 
log  OOS  0 
log  oos  b 
log 


9.87527* 

9.83*09* 


log  sin  5 9. *698*2 


log 

log 

nat  + 


9.709368 

9.760* Tf 

.57607 


log  tan  0 
log  tan  h 
log 
nat  - 
nat  ♦ 
Coo  A - 


9.91*9*1 

0.029762 

MW5T 


.9*3*2 

.57607 

75*753 


True  bearing  of  sun 
Angle,  flag  to  eun 

True  bearing  of  flag 


3.  68*26*51"  B. 
♦21*3**00" 

3.  WflflTjlT  *• 

H.  89*59*09"  *. 


The  first  set  of  the  above 
tbs  aquation: 

Oos  & A 


aeries  Is  selected  for  an  exenple  of  reduotlon  by 


"Vs 


sin  3 sin (S-codee) 
"sin  oolat.  sin  ooalt. 


9O*-0  90*-<l® 22**0*  = *8*37*20"  ■ oolat. 

90*-6  90*-17*09*30»  = 72*50*30"  • oodeo. 

tO*-h  »0*-<6*21*U"  ■ *3° 38 '*9"  - ooalt. 
2 3 « IWWW 

3 » 82*33*2°"- 
oodeo.  ■ 72*50*30" 

S-oodso.  « 9"*2'3S* 


log  sin  3 

?.99632* 

los  sin  (S-codeo) 

9.227188 

. log  9.223512 

log  sin  oolat.  9.87527* 

log  sin  ooalt.  9.838983 

log  9.71«37 

9.71*257 

log  oos*  i A 

9.509255 

log  cos  ft  A 

9.75*628 

ft  A 

55*21**9" 

A N. 

110* *3 '38"  B. 

True  bearing  of  sun 
Angle,  flag  to  sun 
True  bearing  of  flag 


3. 


20****30 

89a57«OT 


,0" 

ITT 


-2- 

R.  0.  Yundt 


.. 


■i  % ' 

,•  - ■ V;  ' . 
.'ll- 


>’  ^'U  -,  ^ 
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The  firet  aet  of  the  above  aarlea  ia  again  aeleoted  for  an  example 
reduo tion  bp  the  equation: 


90*00  •Oo'* 
h = *6°2i*ii" 

t » 43=38*49* 

0 = 41°  22*  40'* 

/ +0  = 85=01*29" 

S - n°09*30" 
t +0+5=102'?  10*  59" 
i(f+0+<5)  ■ 51° 05*  30"- 


V 


' ooei  ( f 40+  6 ) ainj  ( f 40-i) 

Tan*A‘  V ooa^  ( r-0-“<5 ) ainj  ( f -0+iT 


/ * 43° 38*49" 

0 = 41=22*40" 
/-0  = 2=16*09" 

5 = 17°09*30" 
f-0+«  = 19°25'39" 
i(f-0+4)  = 9°  42*50"- 


of 


f+0  - 85=01*29" 
5 ■ 17=09*30" 
J+0-6=  67°  51*5  9" 
i <f+0-J)  * 33°56*00" 


[ -0=  2=16*09" 
a-  17=09*30" 

/•  -o-a=-14=53,21" 

4(f-M)"“  7° 26*41". 


log  ooa  i(/+0+d) 
log  eln  |(/+0-a) 


9*798012 

9.746812 

733*824 


log  ooa  i(/-M)  9.996324 

log  aln  i(f-M)  9.227188 

9.22J5T? 

log  tan*  4 A 
log  tan  4 A 

I A 

A N. 

True  bearing  of  aun-  S. 
Angle,  flag  to  aun 
True  boaring  of  flag  N. 


9.544824 
9.223512 
6.32W 
0.160656 
55° 21* 50" 
110=43*40" 
69°16'20" 
4 20=44*30" 
B9=59*16" 


E. 

E. 


I. 


The  flret  aet  of  the  above  eerlea  la  llkewlao  aeleoted  for  an  example  for 
the  computation  for  time  by  the  equation: 


Tan  it" 


(f+0-6)  aln  j(f-0+6) 
T7+JSTJ  ooa 


log 

log 

log 

log 


aln 

*(/+M> 

9.746812 

aln 

9.227188 

B. 97*666 

009 

4(f+fW) 

9.798012 

008 

W-0-6) 

9.996324 

9.193m  9.19*336 

log  tan1 

i t 7TW3 

log  tan 

4 t 9.589832 

it 

21=15*03" 

t 

42=30*06"  ■ 2h50m( 

Apparent  time  of  obaervatlon  9hlCta00a  a.m. 
Equation  of  time  + 05m56a 

Local  mean  time  of  obaervatlon  9hl5m5^a  a.m. 
Mountain  atandard  war  time  of  obaervatlon  10h43m03a  a.m. 

Vatoh  time  of  obaervatlon  10h42m32a  a.m. 
ffatoh  alow  M.9.W.  time  fa31a 
Watoh  faat  of  l.m.t.  lh26®36« 


-3- 

R.  C.  YUndt 
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c 


The  earns  aet 
computation  of 


of  the  a bore  aeries  la  selected  for  an  example  for  the 
tine  by  the  equation: 


Sin  t = 


log  sin  A 
log  cos  h 
log 

log  cos  6 
log  sin  t 
t = 42*30*04" 

Apparent  tine  of  observation 


sin  A oos  h 
oos  5 

9.970938 

9.838983 

9.609921 

9.980228 

9.829693 

2h30m00a 
9hl0m00s  a.m. 


n 


Squat Ion  of  time  4 5n56s 

Mountain  standard  war  tine  of  obsn.  10h43m02e  a.n. 

Vatoh  time  of  observation  10h42m32e  a.m. 

Watoh  slow  K.S.W.  tine  0m31s 


Vatoh  fast  of  l.m.t. 


1^26*36* 


MEMO: 

The  above  time  equation  Is  convenient  when  It  la  required  to  reduoe 
the  observation  for  aslmuth  also.  However  It  should  not  be  used  when 
the  hour  angle  approaches  6 hours  ( when  t approaches  90*)  as  the  sine 
funotlon  of  an  angle  approaching  90*  changes  very  slowly. 


c 


*? 


0.  Yundt 
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trample  of  direct  altitude  observation  of  the  sun  for  azimuth. 


Data:  Sept.  20,  1944  Observer:  Jama*  N.  Hard loon  Instrument :Baff  Ho.  17994 

At  • point  9.00  ohaine  westerly  from  the  standard  i see.  oor. , on  south 
boundary  of  T.  ( 1.,  B.  30  B.,  Mount  Diablo  Meridian,  Nevada,  in  latitude 
38*  19*  45«  H.,  and  longitude  ll8*  35*  H.,  at  7“  37®  a.n.,  app.  t.,  1 make 
a series  of  four  altitude  observations  upon  the  sun  for  azimuth,  each  with 
the  telescope  in  dlreot  and  reversed  positions,  observing  the  sun's  oenter, 
and  reading  the  horizontal  deflection  angle  from  the  sun  to  a reference 
point  to  the  south. 


Observations 

7h30®a.m., 


ccssaenoed  at  7h  30®  a.n. , and  completed  at  7 3°  n.m.,  naan 
by  nr  watoh  Wilch  oarrles  correct  120th  nerldlan  standard  tins. 


Oban. 

Telescope 

Sun 

Yertloal  angle 

Horizontal  angle  from 
sun  to  reference  point 

1st 

Dlreot 

Reversed 

Mean 

4 

19*  23' 
19*  33* 
19*  20' 

89*  00' 
88*  52» 
88*  56’ 

2nd 

Reversed 

Direct 

Mean 

♦ 

19*  36* 
19*  46* 

19*  41' 

88*  48' 
88*  40* 
88*  a* 

3rd 

Dlreot 

Reversed 

Mean 

4- 

19*  51* 
20*  02' 
19*  55i* 

88*  35* 

88*  27 • 
88*  31* 

4th 

Reversed 

Direct 

Mean 

4- 

20*  09' 
20*  17* 
20*  13* 

88*  18 • 
88*  12« 
88*  15* 

By  1st  obsn.  reference  point  bears  S.  13*  44'  28*  W.' 
By  2nd  « " " " 8.  13*  4A'  24"  H. 

By  3rd  " • • • 8.  13*  44*  43’  f. 

By  4th  * * * • 8.  13*  44*  49*  W. 

Mean  true  bearing  of  referenos  point,  8.  13*  44'  36"  W. 

The  declination  of  the  sun  for  the  mean  period  of  the  four 
observations  - 0*  59 * H. 

The  following  reductions  are  all  by  the  equation 


Cos  A • sin  6 

eoa  i 00s  h 


tan  i tan  h 


log  sin.  deo. 
log  00s.  let. 
log  of  quotient 
log  00s.  h 


8.234557 


•3399C 

9.974990 


log  tan  1st.  9.897945 
log  tan  h 9.947312 


8.365438  - nat.  .02320  9.445257 


T - 19* 

ref.« 


par.- 
k - 19* 


28* 

2' 

25* 


4|*  (-) 
08’  (♦) 
26" 


nat.  .27878 
nat.  .02320 
oos  A - .25558 

A- 8 79*  11'  32*  *. 
Hor.  aag-  88*  56* 
Bearing  - 8 13*  44'  28"  t. 


1 


■&: * "fe;  .« 


'T  ' <• 


■ s 


v ’ - 


.:.  ’ V*  < 
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log  of  quotient  8.339986 

log  tan  lat 

9*897945 

log  cos.  1 

k 

9 *973905 

log  tan  h 

9.552550 

8.3660a  - 

nat. 

.02323 

nat. 

9.450495 

.2Ba6 

v - 19* 
ref.  « 

41' 

2* 

38-  (-) 

nat. 

Cos  A * 

.02323 

.25893 

per.  - 

38' 

08"  (♦) 

A • S. 

74*  59’ 

h - 19* 

30- 

Hor.  ang.  - 

88*  44* 

Bearing  ■ 3.  13*  44* 

log  of  quotient  8.339986 

log  tan  lat 

9*897945 

log  cos.  h 

9.973307 

log  tan  h 

9.558308 

8.366579  - 

net. 

.02326 

9.456253 

v - 19* 

55. 

32" 

nat. 

nat. 

.28593 

.02326 

ref.  - 

2' 

38"  <-) 

oos  A " 

"T2626T 

par.  • 

08*  (♦) 

A - 8 

h - 19* 

53' 

Hor.  ang.* 

88*  31 ' 

Bearing  * 8. 

. 13*  44' 

log  of  quotient  8.339986 
log  coe.  h 9.972499 

log  tan  lat 
log  tan  h 

9.697945 

9*5b5i98 

H.3b74B7  - 

nat. 

.02331 

9.463143 

nat. 

.29050 

v - 20* 

ref.  ■ 

13' 

2* 

35"  (-) 

nat. 

oos  A - 

.02331 

^26719 

par.  - 
h - 20" 

10' 

08"  (♦) 
33" 

A - 8 
Hor.  ang  * 

• VS 

Bearing  - 8 

. 13"  44' 

i 


Altitude  observation  of  the  sun  for  azimuth. 

This  observation  la  the  solar  observation  oosmonly  need  by  nyeelf  In  the 
field,  both  tot  the  Initiation  of  • line  end  for  the  verification  of  the 
azimuth  of  a line  previously  run.  It  differs  from  the  commonly  used 
observing  program  In  certain  respects;  angles  are  read  to  the  sun's 
center,  obtained  by  a careful  oomparlslon  of  the  size  of  that  portion  of 
the  sun  above  the  upper  statia  wire  with  the  corresponding  portion  of 
the  sun  below  the  lower  stadia  wire  (vertical  center) , and  comparing 
that  portion  of  eaoh  of  the  above  referred  to  portions  of  the  suns  Image 
that  appear  on  each  side  of  the  center  vertical  wire.  The  resultant 
determination  of  the  suns  center  le  slightly  less  aoeurate  in  vertical 
position  than  In  horizontal  position,  altho  not  appreciably  so.  The 
sighting  of  the  sun's  center  results  In  the  orose  wires  of  the  transit 
being  brightly  Illuminated  regardless  of  how  Mark  the  glass  Is  which  Is 
not  true  when  setting  tangent  to  the  edges  of  the  sun,  and  has,  for  myself, 
resulted  In  a more  acourate  determination  of  azimuth  by  the  solar  method. 


Another  difference  le  In  sighting  with  the  telescope  In  reversed 
position  first  on  alternate  observations,  reducing  the  time  elapsed  In 
the  observation  and  allowing  for  a cheeking  of  the  zero  setting  of  the 
plate  of  the  transit  In  the  middle  of  each  pair  of  observations  without 
Increasing  the  elapsed  time  of  the  observation  to  more  than  5 el* 
minutes  for  a series  of  eight  sighting  (four  observations.) 


As  a saving  of  time  when  required  to  reduce  the  observation  in  the  field 
(as  when  Initiating  a line  of  survey)  the  factor  sin  doo.  divided  by  cos. 
let.  le  first  reduced  and  then  Is  used  as  a faotor  oomeon  to  the  entire 
series  of  observations. 


i 


2 


James  W.  Hardison 
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Example  of  altitude  observation  of  the  iun  for  aslmuth,  using  morning  and 
afternoon  observation* » 

Datei  August  9,  1938.  Instrument!  Curley  Ho.  371613 

Observer!  Arthur  D.  Kidder. 

Reoorderi  Prank  Robert* on. 

Transorlbed  field  notes. 

August  9,  1938,  at  observation  station  No.  1,  a oross  In  the  sidewalk  on  the 
south  side  of  C Street,  opposite  the  south  entrance  to  the  Interior  Building, 
Washington,  D.  C.,  In  latitude  38*  53'  30"  N.,  and  longitude  77*  02'  W.,  eleva- 
tion  abora  saa  leYol  10  ft##  and  bataparatura  80*  F*#  at  8 55*  3 32* 

p.m.,  I make  series  of  altitude  observation*  of  the  sun  for  asimuth,  each 
series  oonslstlng  of  iix  observations,  three  each  with  the  telesoope  In  direot 
and  reversed  positions,  observing  opposite  limbs  of  tho  sun,  and  reading  the 
horisontal  angle  from  the  tip  of  the  Washington  Monument,  approximately  1*0  ohs. 
southeasterly,  to  the  left  to  tho  sun  in  the  a.m. , and  to  the  right  to  the  sun 
In  the  p.m. i 


Obser- 

vation. 

Iblesoope. 

Sun. 

Apparent 

time. 

Vertloal 

angle. 

Horisontal  angle 
monument  to  sun. 

1st 

Direot 
Be versed 

Mean 

*-b 

8*1  5lf  00*  a.m. 
9 03  50  " 

k3*  39'  00" 
1*6  00  00 

18"  19'  00"  to  It. 
16  55  30  " " 

kk*  k9'  30" 

17*  37'  15"  to  It. 

2nd 

Direot 
Be  versed 

Mean 

** 

8h  55“  30*  a.m. 

9 02  15  " 

1*1*"  28'  00* 
k5  u 00 

18"  kk'  00"  to  It. 
16  31  00  " " 

kk*  k9'  30" 

17*  37'  30"  to  It. 

3rd 

Direot 

Reversed 

Mean 

gh  00®  &*Di 

9 00  20  " 

kk*  12'  00" 
k5  21  30 

17*  1+1'  30"  to  It. 
17  kl  30  " " 

8h  5®”  k9®  a.m. 

kk*  1*6'  k$" 

17"  1*1'  30"  to  It. 

1st 

Direot 

Reversed 

Mean 

*-b 

3h  51m  35a  p.m. 

3 k2  05  " 

38"  kk'  30" 
37  15  00 

133"  25'  00"  to  rt. 

15k  k2  00  " " 

37*  59'  k5" 

13k*  03'  30"  to  rt. 

2nd 

Direot 

Reversed 

Moan 

3b  3^m  oo®  p.m. 
3 ko  30  " 

38*  58'  00" 
37  02  00 

38"  00'  00" 

133"  01*  00"  to  rt. 

135  03  k5  " " 

13k*  02'  22"  to  rt. 

3rd 

Direot 

Reversed 

Mean 

3h  35®  15® 
3 30  k5 

3b  37“  02® 

38*  03'  00" 
37  53  30 

37*  50’. 15" 

13l+*  06 • 00"  to  rt. 

13I*  05  00  " " 

13k*  05'  30"  to  rt. 

By  1st  a.m.  observation  monument  bears  S.  5k*  1*2'  03"  8. 

• 2nd  " " " " S.  5k*  1*1'  1*8"  E. 

» 3rd  " " " " S.  5I+*  1*1»  00"  E. 

Mean  of  a.m.  obsns 8.  5k*  1*1'  37"  8. 

By  1st  p.m.  observation  monument  bears  S.  5k*  39'  25"  E. 

» 2nd  " " " " S.  5l»*  36*  32"  8* 

« 3rd  " " " " B.  5k*  39'  50"  8. 

Mean  of  p.m.  obsns S.  5k*  39'  16"  8. 

Mean,  true  bearing  of  monument  


Memot 

Aooepted  bearing  of  monument  (weighted  mean) 


S.  5l*#  1*0'  25*  8. 


1 
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Field  record. 

t 


The  ft bore  observation*  are  reduced  for  azimuth  by  the  equatloni 


Cos  A “ 8.Vl  ,8  , - tan  ft  tan  h. 

oos  <f  oos  h 


1st  series,  a.m.  observational 

Sun's  deollnatlon,  Gr.  app.  noon,  August  9.  1938  15*  38'  52*  N. 

Red.  to  long.  77*  02'  If.,  and  8h  58“  1*9“  ».m.,  2.1211  * 42"  1 29  S. 

Sun's  deollnatlon  for  mean  time  of  observations,  S 15*  37'  03"  H. 

latitude,  ■ 38*  53'  30"  M.  Refraotion  ooef.  ■ 1.01  x .94  ■ .95 

let  obsn.i 


c 




44*  49'  30" 

Refraotion  ( 58"  x .95 

* 55")  ...  • 

- 0 55 

Parallax  . • 

♦ 6 

h 

44*  48'  4l" 

Sin-  6 .. 

- .274812 

Cos  ft  ■ 

.778335 

tan  ft  ■ 

.806658 

Cos  h * 

•709U31 

tan  h ■ 

.993438 

•552175 

•552175 

.801365 

.497690 

.497690 

cos  A ■ - 

.303675 

A - 

S.  72*  19'  18"  E. 

Hor.  ang.  * 

17  37  15 

By  1st  a.m. 

obsn.  monument  bears 

S.  54*  42'  03"  E. 

* 2nd  " 

w n 

n 

s.  54*  4i'  4s"  e. 

" 3rd  " 

n n 

n 

s.  54*  41 ' 00"  E. 

Mean 

s.  54*  4i'  37"  E. 

2nd  series,  p.m.  observational 

Sun's  deollnatlon,  Gr.  app.  noon,  August  9.  1938  15*  58'  32"  B. 

Red.  to  long.  77*  02'  If.  and  3h  37“  02»  p.m.,  8.75h  x 42"  6 08  S. 

Sun’s  deollnatlon  for  mean  time  of  observations,  8 ••••••  15*  52’  24"  N. 

Refraotion  ooef.  ■ 1.01  X ,94  • .95 


By  1st  p.m.  obsn.  monument  bears 

" 2nd  " " " " 

■ jrd  s » n « 


Kean 


Mean  of  a.m.  and  p.m.  obsns. 


S.  5U*  39'  25"  E. 

S.  5U*  38'  32"  E. 

S.  54*  39'  50"  E. 

S.  54*  39'  16"  E. 

S.  54*  I4O'  26"  S. 
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Data  - June  28,  1944  Observer  - F.  W.  Williamson  Instrument  - 7(.  and  L.  E. 

(Mr ley  Ho.  38IO5 


June  28,  1944,  «t  & point  2 aha  ins  South  of  oor.  Ho,  2,  Survey  No,  2638,  AnleJc, 
Alaska,  in  latitude  6l*34'38"  Horth,  longitude  159*42.5*  West,  at  a mean  time  of  7 
hr*.  17  min.  P.U.,  135*  meridian  time,  I make  a series  of  four  (4)  altitude  observa- 
tions of  the  sun  for  aslmuth,  eaoh  with  the  telesoope  in  direot  and  reverse  positions, 
observing  opposite  limbs  of  the  sun,  and  reading  the  horisontal  defleotion  angles 
from  the  flag  to  the  sun  ■ 


Obser- 

vation 

1st 

1st 

Telesoope 

direot  • 
reverse 

9- 

Sun 

-b 

Time  135* 
P.M. 

7 h 12  m 

Vertioal 

angle 

23*33*00" 

23*55*30" 

Horizontal  angle 
flag  to  sun 
to  left 
8*12*00" 
8*29'00" 

Bean 

23*44*15" 

d'20'JO1" 

2nd 

r averse 

q- 

7 h 

16  B 

23*14*00" 

7*36*00" 

2nd 

direot 

23*36*00" 

7*53*00" 

moan 

* 

U 

23*2^00" — 

7*44*30" 

3rd 

direct 

Oh 

7 h 

18  n 

22*42*30" 

6*38*30" 

3rd 

revere* 

■b 

23*04*30" 

6*58*00" 

aean 

22*53*30" 

6*48*15" 

4th 

reverse 

s- 

22*26*30" 

6*10*00" 

4th 

direot 

■K 

7 h 

22  m 

22*46*30" 

6*25*30" 

moan 

u 

22*36*30" 

6* 17 '45 

Referenoe  point  is  radio  beaoon  at  edge  of  Aniak  Air  Field, 

By  1st  observation  beaoon  bears  H,  76*14*28"  W. 

By  2nd  observation  beaoon  bears  H,  76,15'3°n  W. 

By  3rd  observation  beaoon  bears  H,  76*14*33" 

By  4th  observation  beaoon  bears  H,  76*14' 17"  W. 

Kean  true  bearing  of  beaoon  H,  7b’ 14 '42"  W7" 


Field  reoord 


The  deolination  of  the  sun  far  mean  time  7 h 17  m P.M.  135*  time 
for  the  period  of  the  four  (4)  observations  is  23*l4'47"  H, 


1st  obs, 

23*44*15" 

ref.  and 

parallax  2*04" 

h • IfJTgH I* 


2nd  Obs. 

23*25 *00" 
2*06" 


3rd  obs. 
22*53 *30" 

2il0" 

22"51'20'' 


4th  obs. 
22*36*30" 

2*11" 

ZFWW 


1st  observation  reduotion  by  the  equation 


Cos  £ A 

/Sin  S sin(S-oodeols) 
\ Sin  oolat.  slnooalt. 

log  sin  0.322417 

90*  - 61*34*38" 

■ 

28*25*22"  A.C. 

90*  - 23*i4'47" 

■ 

66*45 *13" 

i 

log  sin. 0.038275 

90*  - 23*42*11" 

■ 

66* 17 '49"  A.C. 

2S 

■ 

lbl»2b*l!4’'r~ 

log  sin  9.994299 

S 

m 

80*44' i2,r_ 

oodecl. 

m 

66*45 '13" 

log  sin  9.383160 

S - oodeol. 

m 

OOB  2 B A 

00s  ^ A 

i A - 1*2*17'29" 

2 

H.84’34'56"  Yf.  truebearing  of  sun 

8*20*30"  angle  from  sun  to  beaoon  - 

N .76* 14' 28"  W.  True  bearing  to  beaoon. 


U7!T 


1 


<v_.  - > 

-r“ 

I 
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Data  - June  26,  191*1*  Observer  - F.  W.  Williamson 


Instrument  - W.  and  L.  E. 
Gurley  No.  38105 


2nd  Observation 


28*25 « 22"  oolat. 
66*1+5  *13"  oodeol. 
66*37' 06"  ooalt. 


S 


66*1+5 » 13" 

' ll+*08'37rt  S-oodeol. 


A.C.  log  sin  0.3221+17 
A.C.  log  sin  0.037212 
log  sin  9.99U*96 


00s 


log  sin  9.388022 

£fJ9.714>ll*7 " 

> vr<r 


i A m 1+2*00'00" 

2 

1 L 8i+*00'00"  W.  true  bearing  of  sun 

7*14+,30n  angle  from  sun  to  beaoon 

V.  7b“15'30"  W.  True  bearing  to  beaoon. 


3rd  Observation 


28*25' 22"  oolat. 
66*1+5*  13"  oodeol. 
67*08'l+0"  ooalt. 
2)lb2”19' 15"  ooal 

• trrp09»  jv.b" — 

66*1+5*13" 

i4*2+'2*.5,; 

' oos 


A.C*  log  Bin  0*3221+17 
A.C.  log  sin  0.035511 
log  sin  9.991*812 
log 


n 9.3' 
2)7“ 


V.W97" 


i A - 1+1*31  *21*" 

2 

N1.  83*02*1+6"  W.  true  bearing  of  sun 
6*1+8'  15"  angle  sun  to  beaoon 

tf.  yt)ull+*33N  W.  True  bearing  to  beaoon. 


1+th  Observation 


\ 


28*25*22"  oolat. 
66*1+5' 13"  oodeol. 
67*25*1+1"  ooalt. 
2)162*36' 16" 
"wn'tffob"— 
66*1+5*13" 
~H*,3H|55"" 


00 


A.C.  log- sin  0.3221+17 
A.C.  log  sin  0.031*611 
log  sin  9.991*977 


e&  A 


log  sin  9.1*00022 

• T.w6cir 


£a  - 1*1*16*01" 

2 

V.  82*32' 02"  W.  true  bearing  of  sun 
6*  17 '1*5"  | angle  sun  to  beaoon 

if.  76*ll+»l7"  W.  True  bearing  to  beaoon. 


2 


9 


9 
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Jus*  29,  191+1* 


Observer  - F.  W.  Williamson  Instrument  - W.  and  L.  E. 

Gurley  So.  36105 


June  29,  19W+.  at  a point  2 ohaiae  South  of  oor.  No,  2,  Surrey  So.  2636,  Anlak, 
Alaska,  In  latitude  6l*3l+'38"  North,  longitude  159*1(2. 5'  West,  at  a mean  time  of  ^ 
hr*.  25  min.  A. 11. , 133*  meridian  time,  I make  a series  of  four  (1+)  altitude  observa- 
tions of  the  sun  for  aslmuth,  each  with  the  telesoope  in  direot  and  reverse  positions, 
observing  opposite  limbs  of  the  sun,  and  reading  the  harisontal  defleotion  angles 
from  the  flag  to  the  sun  ■ 


Obser- 

1st 

1st 

Telesoope 

direot  sJ- 
reverse  ^ 

Gun 

-P 

Time  135* 
a.m. 

7 h 20  m 

Vertloal 

angle 

17*55*00" 

17*35.30" 

Horizontal  angle 
flag  to  sun 
to  right 
150*05'00" 
11+9*55*00" 

mean 

1 17*1+5 '15"  ■” 

150*00*00”' 

2nd 

T9Y9TB0 

& 

-P 

7 h 

22  m 

18* 15 '00" 

150*1+2' 00" 

2nd 

direot 

18*Ql+'00"' 

150*l+8'30" 

mean 

150*1+5  *15" 

3rd 

direot 

-P 

7 h 

25  m 

18*52' 00" 

151*52'00" 

3rd 

reverie 

ia*3i'oo" 

151*37 '00" 

mean 

iB*l+l*3o" 

I5TW3C" 

1+th 

reverie 

-P 

19* 18 '00" 

152*37' 00" 

1+th 

direot 

0 

7 h 

30  p 

18*51+' 00" 

152*20'00" 

mean 

+9*06*00“ 

lt^WJO" 

Referenoe  point  is  radio  beaoon  at  edge  of  Aniak  Airfield. 


Gy  1st  observation  beaoon  bears 
By  2nd  observation  beaoon  bears 
By  3rd  observation  beaoon  bears 
By  4th  observation  beaoon  bears 
Kean  true  bearing  of  beaoon 


N.  76* 13' 58"  W. 

N.  76*lVU5"  W. 

N.  76* 15 *30"  W. 

N.  76*1 1#  ff. 

n;  'isrjmwn. 


Field  Reoord. 


The  deolination  of  the  sun  for  neon  time  7 h 25  m A.M.  135*  time  for 
the  period  of  the  four  (1*)  observations  is  23*13'Q4"  N. 


ref.  and 
parallax 


1st  obs. 

17*1+5' 15" 

2' 52" 

•17*1+2*23" 


2nd  obs. 

18*09'30" 

2.1,8" 

“15*05*52"“ 


3rd  obs. 

18*1+1'30" 

2*1*3" 

"18*38*1+7"' 


1+th  obs. 
19*06'00" 
2*  38" 


Observations  reduoed  by  the  equation 

Cos  & A ■ _ /Sins  eln(S-oodeol.) 

'J81n  oolat.sinooali. 


• 

& 

■ 

1 

• 

£ 

-■6i*3l+'3e"  - 

28*25 '22" 

A.C.  log  sin  0.3221+17 

- deol,-  90* 

- 23*13*01+"  ■ 

66*i+6'56" 

90*  - h - 90* 

- 17*1(2'23"  « 

72*17'37" 

A.C.  log  sin  0.021077 

2S  - 

167*29 155^" 

s * 

83*l+i+»57 .5" 

log  sin  9.9971+11 

oodeol.  - 

66*l+6'56" 

S 

- oodeol.  - 

log  sin  9.1*65118 
oos2  i A “97505023' 

00s  2 A 

i A - 36*53' 01" 

2 

N.  Yi’Ub'Oil"  E.  true  bearing  of  sun 
150*00' 00"  angle  from  sun  to  beaoon 

73*U6'0g" 

N.  yb*13'5t)"  W.  True  bearing  to  beaoon  1st  obs. 


U:90301 


' 


. 
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Data  - June  29,  19I+1+  Observer  - F.  V,  Williamson  Instrument  - W.  and  L.  E. 

. Gurley  Ho.  38105 


2nd  Observation 


log  sin  0.3221*17 
log  sin  0.022070 
log  sin  9.99721+0 
log  tin  9J+600S2 

z)V.mm 

m 


3rd  Observation. 


20*25*22"  oolat.  A.C.  log  sin  0.3221+17 
66*l+6'56"  oodeol. 

71*21*13"  ooalt.  A.C.  log  sin  0.0231+16 

2)T66»'33,31'"  < 

"tf3'l'6*l*:5.5"  s log  sin  9.997005 

66*1+6*56" 

16”2y*49.5"a  S-oodeol.  log  sin  9*1+53267 

2)97795TCT 


i A -■  37*l+l+»30" 

2 

W.  75’2V*00"  E.  true  bearing  of  sun 

l5l*l*l+*30"  angle  sUn  to  beaoon  1 
75*29*00" 

ll.'  70*15*50"  H.  True  bearing  to  beaoon. 


28*25*22"  oolat.  A.C. 

66*1+6*56"  oodeol. 
71*53*18"  ooalt.  A.C. 

~TtFW 
"83*32 *&■ " s 
66*1+6*56" 

"lt>*i*5'52h  S-codeol. 

OOS  ^ A » 

i A • 37*15 '15" 

2 

b.  yl+*30*30"  E.  true  bearing  of  sun 
150*1+5 '15"  angle  from  sun  to  beaoon 

71**30*30" 

N.  7b*14'I*5"  VI.  True  bearing  to  beaoon. 


l*th  Observation 

28*25*22"  oolat . A.C. 

66*1+6*56"  oodeol. 
70*56*38"  ooal^t.  A.C. 

2)166*08*56" 

’"83*01*'  28"  ""'8 
66*1+6*56" 

"16*17*38"  ^S-oodeol. 

Cos&  A ■ 


log  sin  0.3221*17 

log  sin  0.021*1+77 

log  sin  9.996820 

log  sin  9.1+1*7969 
2)~pWW~ 
9.895851 


38*06*53" 

2 

to.  76*13*1^"  E.  true  bearing  to  sun 

11 

152”28*30"  angle  sun  to  beaoon 

76*13*86"  ’ ' 

N.  r/p*lI*'i+l+,J  H.  True  bearing  to  beaoon. 

II  !| 


1+ 
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Mean  of 

Observation  taken  at  this  point 
June  88th,  at  7 h 17  « P.H. 

135*  time 

give  course  to  beaoon 


Mean  of 

Observation  taken  at  this  point 
June  29th  at  7 h 25  m A.M. 
135*  time 

give  course  to  beaoon 

Course  to  beaoon  mean  of 
A.M.  and  p.M.  observations 


N.  76*1 W. 


N.  76*U+»U*.5"  w. 


n.  76*12* '43*  w. 


s 


J 


6 
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FIELD  TEST  OF  VERTICAL  CIRCLE. 


In  order  that  the  engineer  may  make  proper  reductions  of  astrancoioal 
altitude  observations  when  unable  to  make  oompensating  observations  (south- 
easterly and  southwesterly  observations  at  approximately  equal  altitude),  it 
is  essential  that  he  know  the  the  index  erron/of  the’vertioal  oirole  of  his 
transit  throughout  the  range  of  vertical  angles  used  in  suoh  observations. 
Normally  this  range  is  from  20*  to  50* # vrith  the  telesoope  in  direot  and  re- 
versed positions. 


yif  *ny. 


There  are  three  methods  available  for  making  this  vertloal  oirole  test  in 
the  field i 


1*  By  direot  oonparlson  with  a transit  with  known  vertical  oirole  indica- 
tions. 

2.  By  meridian  passage  observations  on  a series  of  equatorial  stars 

throughout  this  vertloal  angle  range,  at  a station  of  known  latitude, 
and  oomparing  the  observed  vertical  angles,  oorreeted  for  refraotlon, 
with  the  computed  true  altitude  of  these  stars. 

3*  By  making  a series  of  altitude  observations  of  the  sun  or  a star 
throughout  this  angular  range,  properly  balanoed  by  southeasterly 
and  southwesterly  observations,  at  a station  of  known  latitude,  and 
preferably  where  the  meridian  has  been  aocurately  determined.  Then 
determine  the  error  in  the  reduoed  atimuth  of  eaoh  observation,  and 
divide  this  error  by  the  ooeffloient  taken  from  the  diagram  of  errors 
in  aslmuth  due  to  small  errors  in  vertloal  angle,  to  get  the  lndloated 
error  of  the  vertloal  angle  reading. 

The  following  data  are  the  results  of  a test  of  the1  vertloal  oirole  of 
Buff  Transit  No.  17993.  By  the  last  method,  made  on  Maroh  lit  and  April  9.  1946, 
at  the  Q.L.O  testing  station  No.  1,  Washington,  D.  C«;  in  latitude  38*  5V  30"  W. , 
and  longitude  77*  03'  W.,  orienting  on  the  tip  of  the  Washington  Monument, 
bearing  S.  54*  4o'  25"  E.  Eaoh  observation  in  the  test  consisted  of  six  readings, 
all  with  the  telesoope  In  the  direot  or  reversed  positions,  three  eaoh  on 
opposite  limbs  of  the  sun. 

Tranalti  Buff  No.  17993 

TELESCOPE  DIRECT." 


Obs. 

Date 

Deol. 

Vert. 

Bearing  of  Monument 

Hor. 

Coeff. 

Vert. 

angle 

A.  U. 

P.  M. 

error 

error 

1 

3/14/46 

2*38'22"S. 

19*15*30" 

8.54*40' 27 "e. 

♦ 

2" 

1.02 

- 

2" 

2 

ft 

2*37'51"S. 

24*59 *15" 

s.54*4o'07"e. 

• 

18" 

1.16 

♦ 

16" 

11 

f! 

2 30  38  s. 

24  55  30 

S.54*40'32"E. 

♦ 

7 

1.15 

7 

Kean 

24*47 ’22" 

s.54*4o' 

20  "E. 

♦ 

12 

3 

tf 

2*37 '20"S. 

26*52.50". 

s.54*4o'17"e. 

■ 

• 

8" 

1.32 

■f* 

6" 

10 

t! 

2 30  57  S. 

27  52  25 

S.54*4l'02"E. 

■f 

37 

1.26 

+ 

29 

Mean 

28  22  37 

s. 54*40' 

40 "E.  ' 

♦ 

17 

4 

tf 

2*36' 39"S. 

36*44*30" 

s.54*39'17"e. 

-1 

*08" 

1.93 

* 

35" 

9 

ft 

2 31  35  S. 

34  11  45 

s.54*4o'53"e. 

♦ 

26 

1.66 

17 

Mean 

It 

35  28  07 

s. 54*40 ' 

♦ 

26 

5 

It 

2*36'U"S. 

40*15*20" 

s.54*4o'I8"e. 

7 

2.44 

♦ 

3 

0 

4/9/46 

7 35  45  N. 

39  59  4o 

s. 54*40' 51  "e. 

* 

26 

1.42 

♦ 

18 

Mean 

4o  07  30 

s. 54*4o* 

34"e. 

+ 

11 

6 

3/14/46 

2*35 '34"s. 

44*41' 4o" 

s.54*4o'09"e. 

• 

16 

4.00 

4 

7 

2 33  09  S. 

45  4i  30 

s.54*4o’42"e. 

17 

4.95 

3 

Mean 

45  ll  35 

co 

| 

25  "e. 

3 

Mean  bearing  of  monument,  telesoope  direot  * S.  54*  4Q'  25"  E. 


X 


c 

George  W.  Johnson, 

Ass't  Cadastral  Engineer, 
General  Land  Of floe, 
Washington,  D.  C. 


1 


in  Vertical  Circle  Heading 


GG 


Transit*  Buff  No.  17993 

TELESCOPE  REVERSED. 


Obs. 

Date 

Deal# 

Vert. 

angle 

Bearing  of  Monument 

Hor. 

error 

Coeff. 

Vert* 

error 

A.  M. 

P.  M. 

1 

12 

Kean 

iSft5 

2*38 '15"S. 
7 36  15  H. 

20*36*00" 
22  47  20 

S#5l**l*5'27"E. 

S#5l**38'06"E. 

+ 3*02" 
-2  19 

1.05 

0.92 

-2’53" 
-2  31 

21  Hi  23 

S.5i**l*0'i 

*6"E. 

-2  1*2 

1 KHW 
4 

Li 

3/1M46 

1j/94*6 

2*37'59"S. 
7 36  03  N. 

23*27 '05" 
21*  12  55 

S#5l**l*3'26"E. 

S.5l**57'l*9"E. 

+3'oi" 

-2-36 

1.12 

0.95 

-2.1*2" 
-2  1*1* 

23  50  00 

s.5l**l*0*; 

57  "eT 

-2  1*3 

3 

10 

Kean 

2*37'23"s. 
7 35  35  »• 

29*1*8*32" 
30  0*  00 

S#5l**i*l*'l*0"E. 

S. 51**37  *2l*"E. 

+1**15" 
-3  01 

1.1*2 

1.05 

-3*00" 
-2  52 

29  58  1*6 

S.5i**l*l'02"E. 

U 

9 

Moan 

3/li*/I*6 

fl 

2*36*55"S. 
2 31  49  s. 

3l+*18*i*5" 
36  08  25 

S.5l**l*5'28"E. 

s.5l**35'32"E. 

♦ 5'03" 
-1*  53 

1.68 

1.86 

-3*oi" 
-2  38 

35  13  35 

s.5l**l*o* 

}0we; 

-2  1*9 

5 

8 

Mean 

n 

it 

2"36'09"S. 

2 32  00  s. 

1*0*1*6'05" 
37  1*2  30 

S. 5l**l*6’09  "E. 

s.5l**3l*'l*i"E. 

+ 5'1*1*" 
-5  1*1* 

2.55 

2.0l* 

-2*15" 
-2  1*9 

39  H*  17 

S#5l**l*0'25"E. 

-2  32 

6 

7 

Kean 

ti 

n 

2*35'29"S. 
2 33  H*  S. 

1*5*08*10" 

l*6*oi*'oo" 

S#5l**l*9’20"E. 

s.5l**30'17"E. 

+ 8'55" 
-10  08 

1*.5° 

5.10 

-1*59" 
-1  59 

1*5  31*  35 

s#5l**39’i 

*9"E. 

-l  59 

Mean  bearing  of  monument,  telescope  reversed  ■ S.  5l**  UO ' 31"  E. 


Vortioal  Cirole  Indications. 
Transiti  Buff  No.  17993* 


2 


George  If#  Johnson 


Error  in  Azimuth 
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ERRORS  IN  AZIMUTH  RESULTING  FROM  SMALL  ERRORS  IN  VERTICAL  ANGLE 
Computed  for  latitude  ho"  N. 


Vertioal  angle  too  large  ■ Azimuth  of  aun  or  ztar  too  small. 
" " " small  - " " " " " large. 


SUMMARY 


The  ratio  between  errors  In  the  roduoed  azimuth  and  errors  In  the  vertioal 
angle  determination  lnoreases  as  the  deolination  ohanges  southward,  and  as 
the  vertical^ Increase a and  the  hour  angle  deoreases.  For  example ■ at  vertioal 
angle  30*  and  deolination  10*  N.  an  error  of  1'  in  the  vertioal  angle  results 
in  an  error  of  1'  in  the  reduoed  azimuth,  while  at  Tertioal  angle  30*  and 
deolination  IS*  8.  the  same  error  in  vertioal  angle  results  in  an  error  of 
2.72*  (1'  U3")  in  the  reduoed  azimuth. 

The  preoision  of  results  obtained  in  single  latitude  observations  and  alt- 
itude observations  for  azimuth  and  time  are  dependent  upon  the  aoouraoy  of 
the  vertioal  angle  determination. 

A series  of  altitude  observations  in  the  same  quadrant  may  oheok  within 
themselves  and  etill  be  in  orror  if  a oonsistent  error  is  inoluded  in  the 
vertioal  angles  (or  in  the  latitude).  It  therefore  becomes  important  that 
the  vertioal  oirole  indications  of  a transit  be  well  determined. 

Suoh  errors  in  azimuth  determination  resulting  from  errors  in  the  vert- 
ioal angle  (as  well  as  errors  in  latitude)  cm  largely  be  eliminated  by 
balanoing  southeasterly  observations  with  southwesterly  observations.  However, 
beoause  of  the  change  in  the  "azimuth  error-vertical  angle  error"  ratio  at 
different  altitudes  and  declinations,  proper  balanoing  is  obtained  only  when 
the  altitudes  and  deollnations  are  approximately  equal. 

Likewise,  latitude  observations  should  be  balaneed  by  north  and  south 
observational  that  is,  observations  on  Polaris  (or  other  oiroumpolar  stars) 
balanoed  with  mbrldian  observations  on  the  sun  or  stars'  within  the  equatorial 
telt,  and  preferably  at  approximately  equal  altitudes. 

! 1 t l * 

Memorandum.  i 


A graph,  similar  to  the  above,  for  lati- 
tude 50",  will  show  muoh  larger  errors  in 
azimuth,  for  the  identical  vertioal  angles 
and  deollnations  i sztallor  errors  in  lati- 
tudes less  than  UCP. 

0.W.  J. 


George  W,  Johnson, 

Assistant  Cadastral  Engineer, 
General  Land  Offioo, 
Washington,  D.  C. 


s 
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Example  of  dlraot  altitude  observation  of  the  sun  for  aslmuth,  sun  south 
deollnatloni 

Date i October  13,  1944. 

Observer i Hugh  B.  Crawford  Instrument!  Buff  No.  17993 

Teat  of  vertical  olrole,  January  5,  1945' 

Telesoope  dlreot  sights  low  at  sero  0?-00’  30” 

Telescope  reversed  sights  high  at  sero  0 05  00 

Test  of  vertical  olrole,  Ootober  lit,  1944,  against  known  latitude! 

Telesoope  dlreot  reading  reduoed  to  the  sun's  oenter  orosslng  the  meridian 
gives  plus  0°  00'  36"  (reads  high) 

Telesoope  reversed  reading  reduoed  to  the  sun's  oenter  orosslng  the  mertdlan 
gives  minus  0°  03'  02"  (reads  low) 

Ootober  13,  1944,  at  a transit  point,  6n  a traot  known  as  Outlot  Lettered 
H,  situated  in  the  town  of  Waldo,  Russell  County,  Kansas,  In  the  W.  £ of  SW. 

seo.  5,  T.  11  8.  R.  13  W.,  In  latitude  39°  07'  2i|"  H.,  and  longitude 
98°  1*7 ' 55"  W.,  at  8 tl*5  a.m.,  app.  t.,  I stake  a series  of  three  altitude 
observation*  upon  ths  sun  for  azimuth,  eaoh  with  the  telesoope  In  dlreot  and 
reversed  positions,  observing  opposite  limbs  of  the  sunt  setting  first  on  the 
East  adge  of  a stone  post,  0.6  foot  wide,  20.50  oh* . K. , reversing  the  tele- 
soope, and  then  reading  the  horlsontal  deflection  angle  SE.  to  the  suni 


Ob*  or* 
vatlen. 

Telesoope. 

dun. 

App. 

time. 

Observed 

Vertloal 

Angle. 

Corrected 

Vertloal 

Angle. 

Bor. 

Angle 

8X. 

1st... 

Reversed.  . 

•d-  ' 

e«40m00s 

24°  30 ' 00" 

24<>  33'  00" 

55°  42'  00" 

Dlreot 

"P 

24  14  00 

24  13  30 

56  00  00 

lie  an  . 

24°  22'  00" 

24°  23': 15" 

55°  51’  00" 

2nd  - - 

Dlreot 

& 

8h45®00* 

24°  58'  00" 

24°  57'  '30"" 

550  10'  00" 

• 

Reversed 

p 

24  37  00 

24  4o  00 

55  26  00 

\ 

Kean  . 

r 

240  ft,  jo» 

24°  48'  45" 

55°  18'  00" 

3rd  - _ 

Reversed-  . 

ch  1 

8h50m00* 

250  23.  00" 

25°  26' '00" : 

540  33.  oo" 

P 

1 

Dlreot 

-p 

25  08  00 

25  07  ;30  l 

54  48  00 

Kean.  . 

.1 

I' 

250  15.  30" 

250  16' 145"! 

540  4o«  30" 

« 1 *• 

By  1st  obsn.  E.  bdge'of  post  bears  N.  0°  03'  04"  S. 1 1 


" 2nd  " " " " " " N.  0 03  16  E." 

» 

" 3rd  " ” * » " " H.  0 02  51  B.- 


Mean  true  bearing  of  E.Bdge  of  post  = H.  0°  03'  04"  E. 


I : Field  reoord . 

The  declination  of  the  sun  for  the  mean  period  of  the  three  observations  = 
70  52.  40"  s. 

The  following  reduotlona  are  made  to  obtain  the  true  vertical  angles  of  the 
above  observations! 

I 

1st  obsh.  2nd  obsn.  3rd  obsn. 

v = 24°  25'  15"  24°  48'  45"  25°  16'  45" 

Refraction  = - 2 07  - 2 04  - 2 02 

Paralla*  ■=  + ,Q8  -*•  08  08 

h w 24°  21'  16"  24°  46*  49"  25°  lV  51" 


1 


lb*. 


« .....  •'  * J *» 


• ■.■'.■?  v" 
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Reduction  to  Sun's  Center. 

Using  vertical  angle  correction  values 
determined  by  test  by  G.  W.  Johnson. 


Obsn. 

lelesoope. 

Bearing  of  mark. 

1st. 

Reversed 

N. 

0* 

03' 

19" 

E. 

tt 

Direot 

N. 

0 

03 

03 

E. 

11"  E. 

Kean 

TJ7 

6 

*3 

11 

N. 

0" 

03' 

2nd. 

‘ Direot 

N. 

0* 

03' 

1*9" 

E. 

m 

Reversed 

N. 

0 

02 

E. 

lie  on 

N. 

0 

03 

23 

E. 

1. 

0 

03 

23  E. 

3rd* 

Reversed 

H. 

0" 

03' 

1*8" 

E. 

« 

Direot 

K. 

0 

02 

°5 

E. 

Kean 

H. 

0 

02 

E. 

N. 

0 

02 

E. 

Kean 

of  all 

K. 

0* 

03' 

10"  E. 

Recapitulation. 

Bearing  of  mark,  using  vertical  angles' 

without  eooentrioity  correction,  mean  " H.  0*  01'  25"  E. 
Bearing  of  mark,  using  vert.  ang.  eooen- 
trioity oorr.  determined  by  meridian 

observation  of  sun,  mean  •••••.'<•••..  ■ E»  0*  03'  0l+"  E. 
Bearing  of  mark,  using  vert.  ang.  eccen- 
tricity oorr.  determined  by  test  made 

by  G.  If.  Johnson,  mean .•••••  ■ N.  0*  03*  10"  E. 

Bearing  of  auxiallary  mark  by  hour 

single  obsn.  of  Polaris  “ H.0*01'07"E. 

©elf.  one.  to  above  mk.“  0 01  35 

<1  TrTJWtjT.  H.  0*  02*  1*2"  E. 

i. 
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Date i August  ll*,  19U5  Instrument!  rurloy  Ko.  3?15ltO 

Observer i Oscar  B.  Walsh 
Recorder!  Hugh  D.  Crawford 


Example  of  dlreot  altitude  observations  on  two  stars,  ono  In  southeast 
and  one  In  southwest,  for  azimuth  and  time,  using  transit  with  eooentrio 
vertioal  circle}  telescope  equipped  with  solar  olrole  and  double  oross  wires, 
spaoed  1*0"  apart. 

| ^ 

Transcribed  Field  Notes,  d 


August  lit,  191*5 , at  oamp  in  the  SE^SE?!  seo.  15,  Tovmshlp  1*0  North.  Range 
lit  East,  Fourth  Principal  Meridian,  Wisconsin,  In  latitude  1*5°  56'  2b"  N., 
longitude  80°  1*3'  7f.  , elevation  above  sea  level,  approximately  650  ft.,  temp- 
ature  70°  F.,  at  6“  l*l*.m  53®  P.m. , Central  Standard  time,  I make  a series  of 
observations  on  the  star  cf  Aquilae  (Altalr)  for  azimuth,  making  four  obser- 
vations, observing  simultaneously  the  vertioal  angle  to  the  star,  and  the 
horizontal  angle  to  a stake,  approximately  7 °hs.  south  of  ny  station. 


Observation 

Telesoope 

Central  Standard 

Vertioal 

‘Horizontal  angle 

time 

angle 

mark  to  star 

1 

Dlreot 

6*  1*1*®  53* 

32°  15'  00" 

66°  1*7'  30" 

2 

it 

& he*  oo8 

32°  28'  00" 

66°  29'  00" 

3 

Reversed 

6**  1*8P  00s 

32°  1*7'  00" 

66°  Ol*'  00" 

h 

ft 

hSP  05® 

32°  56'  00" 

65°  51'  00" 

By  1st.  obsn.,  mark  bears  S.  00°  02'  02"  E. 
" 2nd.  " " " S.  00°  02'  22"  E. 
" 3rd.  " " S.  00°  00'  26"  E. 
" Uth.  " " " S,  00°  00'  1*7"  E. 


Kean  of  southeast  observations*  S.  00°  01'  2l*"  E. 

August  16,  191*5,  at  the  same  station,  in  temperature  70°  F. , at  8**  27®  26* 
p.m, , Central  Standard  time,  I repeat  the  above  observations,  observing  sim- 
ultaneously the  vertioal  angle  to  the  star  rf  Virginia  (Spioa)  in  the  south- 
west, said  the  horizontal  angle  ,to  the  same  mark,  approximately  12  ,ohs.  south 
of  my  station.  « <1 


J 1 , ■ . . , * 


Observation 

1 

Telesoope 

r<  1 

Central  Standard  ‘ 
time 

Vertioal 

angle 

Horizontal  angle 
mark  to  star 

1 

Direct 

1 gh1  gym  26s 

21°  37*  30" 

1*5°  1 

to*  00" 

2 

It 

gh  ggjn  g0s 

21°  27’  00" 

U5°  ; 

ii*  00" 

3 

Reversed 

gh  jgto  5^s 

20°  1*1'  00" 

1*7° 

3'  00" 

U 

It 

8h  38“  17" 

19°  1*5’  00" 

1*8°  5 

to*  00" 

By  1st.  obsn.,  mark  bears  S.  00°  01'  2 J*"  It.  , 
" 2nd.  " " " S.  00°  00'  19"  E. 

" 3rd.  " , " " S.  00°  00'  09"  E. 

" &th.  1 " " S,  00°  00'  22"  E. 


Kean  of  southwest 'observations  S,  00°  00'  09"  V.*. 

Neon  of  southeast  observations  S.  00°  01'  2li"  E. 


Mean,  truo  bearing  of  mark 


S.  00°  00'  ?7"  E. 


Hemo.t  Bearing  of  reference  marie  by  hour  angle  observation  on  Polaris , 
Aug.  2nd,  by  Ur.  Crawford  (p.  3)i  ■ 8.00*00'12"B. 
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Field  Hecord 

The  above  observations  are  reduced  by  the 

sin  <5 


Cos  A = 


008  008  h 


equation! 


tan  0 tan  h 


1st*  series,  Altair  southeast. 

Deollnation  of  the  star cC  Aquilae  (Altair),  August  lit,  1945. ••  B°  43'  30*  H. 
Latitude  ii5°  56'  26"  N.  Longitude  80°  1*3*  00"  7T. 

Refraotion  ooef.  »99  * .97  = .96 


1st.. obsn.  for  azimuth. 


= 32°  15'  00" 

Refraction  (’  91"  * *96)  1*  27" 


32°  13'  33" 

Sin  = .1516921 

Cos  9 = ,6954043  ban  9 = I.0333525 

Coe  h = .8459626  tan  h = .6303634 

.5682862  .5882862  .6513876 


.2578542  „ .2578542 

Cos  A = .3935334 

A = 66°  49'  32"  H.E. 
Hor.  ang.=  66°  47'  30" 


By  1st.  obsn., 
" 2nd.  " 

" 3rd.  " 

" 4th.  " 


mark  bears 
n n 

n 11 

N II 


'I 

(• 

'I 


S.  00°  02'  02"  E. 
S.  00°  02'  22"  E. 
S.  00°  00'  26"  E. 
S.  00°  00'  47"  E. 


1st.  obsn. 


for  time. 

Cos  t = 


sin  h 


oos  (7  oos  <S 


tan  0 tan  S 


Sin  h 
Cos  9 

.6954043 

tan  9 = 

: 1.0333525 

Cos  8 

.9884278 

ton  6 = 

‘ .1534681 

.6873569 

.687356? 

.1505866 

.7758090 

♦7758090 

Cos  t = 

.6172224 

51^  53'  11" 

Sidereal  hour  angl 
Reduoed  to  mean  time  hour  angl 

e * r 

Mean  time  hour  angle=  3{J  26®  58* 

Star's  transit  p.m.  10"  15m  20a  l.m.t. 
Correot  l.m.t.  of  obsn.  6£  46m  22*  p/m. 
90th.  meridian  timeC-S®  00*  ) 6 43m  14*  P»m. 
Tfatoh  time  of  observation  6h  44m  53* 

Tfatoh  fast  1™  39* 

2nd.  series,  Spioa  In  southwest,  August  16,  1945. 

Deolination  of  the  star  of  Virginia  ( Spioa)  in  southwest,  ..  - 10°  52'  30" 


By  1st.  obsn.,  mark  bears 
" 2nd.  " " " 

",  5rd>  » « n 

" 4th.  " " " 


S.  00°  01*  24"  W. 
S.  00°  00*  19"  E, 
S.  00°  00'  09"  E. 
S.  00®  00'  22"  E. 
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Example  of  hour  angle  observation  of  Polaris,  observing  program  "b"i 
Datet  August  2,  191*5- 

Observer i Hugh  B.  Crawford  Instrument*  Gurley  No.  37151*0 


Field  reoord. 


Hour  angle  observation  of  Polaris t 


Telesoope. 

Horizontal  angle 
from  post  to 
Polaris. 

Watoh 

time. 

Direot — -- 

0*  39'  00" 

7h  51“  20  s 

Reversed-- 

7 52  la 

Dlreot 

7 51*  00 

Reversed— 

2*  33’  30" 

7 55  11 

Mean  0*  38'  22"  7h  53“  18® 


Watoh  fast  of  l.m.t. -1  5 17 

L.M.T.  of  obsn.  Aug.  2,  19l*5  “ 6h  Iifl™  01® 

p.'m. 


Or.  U.  C.  of  Polaris, 

Aug.  3,  19U5 

Red.  to  long. 

88*  1*3*  W. 


L.M.T.  of  U.C. 

L.M.T.  of  obsn.  Aug.  2 

Hour  angle,  east 

I 


- 5h  0,5“  a.m. 

- - 1.0 

iih59.5“  a-®- 
- 12 

- 6 1(8.0  p.m. 

- 10h11.5“ 


August  2,  19U5.  at  a transit  point  in 
oamp,  in  the  SE.  ^ SE.  ^ seo.  15, 

T.  1*0  N. , R.  ll*  E. , in  approximate 
latitude  1*5*  56'  26"  N.  and  longitude 
88*  1*3'  00"  W.,  I find  my  watoh  Is 
lh  5“  17®  fast  of  l.m.t.  (7*  Cen.  Stan. 
War  T.)  by  an  altitude  observation  of 
the  sun  for  time.  . 

At  the  same  station  at  6“  1*6“  01®  p.m., 
l.m.t.,  I make  an  hour  angle  observation 
of  Polaris,  east  of  the  meridian,  two 
each  with  the  telesoope  in  dlreot  and 
reversed  position,  pointing  at  a post, 
south,  7-3°  ohs.  diet.,  transiting  the 
telescope  and  reading  the  horisontal 
defleotion  angle  east  to  Polaris. 

Watoh  time  of  obsn.  " 7*1  53“  18*  p.m. 
Mean  horizontal  angle 
from  Polaris  to  post*  0*  38'  22" 

Azimuth  of  Polaris 
by  inter.  ■ 0*  38'  10" 

Azimuth  of  Polaris ' 
by  formula  . * 0*  38'  11" 

8.  B. 

True  bearing  of  post  ” 0*  00 ' 11* 

N.  •<  12  V. 

.( 


Declination  of  Polaris  ” +88*  59'  59?2 


l 

Mean 
time 
hour 
angle . 

Azimuth  of  Polaris. 

Correction 
additive 
for  deo- 
llnation 
♦89*00 >00" 

Mean  deolination 
+89*  00'  20" 

Latitude 

14*- 

1*5*  56.1*' 

1*6* 

10  8.3 

37 '-7 

38'  58" 

39 ’.0 

O'  .2 

11.5 

37  58 

0 .2 

18. 3 

31*  -5 

35  1*0 

35  -7 

0 .2 

Azimuth  of  Polaris  "0*  10" 


I 


Obser- 

Tele- 

Sun. 

Watoh 

Vertical 

vatlon 

soope. 

angle. 

for  time. 

p.m. 

Direot 

4- 

7h  09“  ll® 

13*  06'  00 

Apparent  time  “ 5h  57“  1*8®  P*m. 
plus  equa.  t.  ■ +6  6 

L.M.T.  ■ 6h  03®  5l*» 

Watoh  time  - 7 09  H , 

Watoh  fast  - lh  5“  17s 

Deol.  of  sun  for  time  observation  • 17*  1*0'  10*  N. 

I 
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8 OK  AND  STAR  OBSERVATIONS  FOR  LATITUDE,  TIME,  AND  AZIMUTH 

Station i Casa  Ybel  Hotel,  on  the  south  shore  of  Sanlbel  Island,  Fla. 

Latitude)  Soaled  from  Coast  Surrey  Chart  26*  25'  20"  N. 
Longitude)  " " " " " 82*  04'  15"  W. 

Observer,  Reoorder,  and  Timer,  Jos.  C.  Thoma 

Instrument!  Gurley  solar  transit  No.  371536, 
all  olroles  reading  to  single 
minutes. 


I set  a stake  approximately  8 ohains  northerly  from  my  station  for  a refer- 
ence line.  Due  to  the  absenoe  of  assistants,  I did  not  set  the  stSLke  exaotly 
on  ay  solar  meridian. 


Maroh  6,  1945'  At  3h20m  p.m.,  app.t.,  I set  off  26*  25'  N.  on  the  lat.  aro, 
5*  32'  S.  on  the  deol.  aro,  and  determine  a meridian  with  the 
solar  and  find  the  flag  bears  N.  O*  02'  30"  E. 


Polaris  Observation  for  aslmuth  and  latitude 


Maroh  6,  1945' 


Watoh  time 

7hU9mU5*  P>m. 
7 56  00  p.m. 

7 52  52  p.m. 


Vert.Ang.  I Hor.  Ang. 


Tel.  Dir. 

Tel.  Rev. 

Means  " 

Hatoh  fast  l.m.t.  1 25  05 

ft  *' 

L.m.t.  of  obsn.  6 27  47  p»m. 

L.M.T.  U.C.  Pol.  Maroh  6 2 48.9“  p.m. 

Red.  for  long.  - .9 

2 48.0  p.m. 

L. m.t.  of  obsn.  6 27.8  p.m. 

M. tih.ai  of  Pol.  3 39.8, 


27  *01 '00" 
27  00  00 

27  00  30 


0*57  ’00"  w. 

0 58  00  W. 

0 57  30  W. 


>H.  as.  of  Pol.  0*54'50" 

Ang.W.,  flag  to  star  0*57 '30* 


Flag  bears  N. 


0*02'40"  I. 


The  above  aslmuth  of  Polaris  was  obtained  by  interpolating  the  tables  In  the 
Ephemeris.  The  following  aslmuth  was  obtained  by  the  reduotion  of  the  well- 
known  formulae  j using  latitude  as  obtained  from  a noon  observation  of  the  sun 
on  the  following  day. 

M.t.  h.a.  of  Pol.  3h39m48B  t - 55*06*00" 

Sid.  red.  + 36  9 - 26  24  30 

Sidereal  h.  a.  3 40  24  - 55*06'00"  8 - 89  00  23 


Nat.  Sin  t 


" Cos  9 

" Tan  6 


- 0.82015 

- 0.89565 


Nat.  Sid.  9 - 0.44477 
" oos  t ■ 0,g215 


- nat.  tan.  A.  A - 0*54'50"  W. 


I 


1 


- i 


' 


S.C 


f ■ >A : - - 1 
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Latitude  as  above,  using  tables i 

M.t.h.a.  Polaris  - 3h  39.8“ 

Mean  observed  vertioal  angle 
Correotion  for  refraotlon 

h 


Primary  adj.  to  elev.  of 
pole  (Polaris  above  pole) 
Supplemental  oorreotlon 


* 


S - 89*  00'  23" 

27  * 00'  30" 

a 

26*  58'  37" 

- 33  1*6 

- 11 

26*  2U>  I4O"  N. 


Latitude  as  above,  using  formulae  1 


r>_.  / \ sin  a sin  h 

008  'a) STi 

Sidereal  h.  a.  ■ 3h  l|0m  2t**i  t - 55*  0$'  00" 


Nat  tan  a 


nat  tan  6 (37 .65850) 

nat  00s  t (0.57215) 

1 


100.77511*  j o - 89*  25;  53* 


oo.  (.  -a  ) - -flna  (.9999507)  X sin  h (. 4536319) 

' sin  8 (.9998496) 

- ,| 

(<p-a)  - 63"  01'  12" 

a-  89  25  53 

9 - 26*  24'  41"  N. 

'I 

» t 

Noon  Observation  on  the  Sun  for  Latitude  and  Time 


.4536777 


Maroh  7,  1945. 

Tel.  Dir. 
Tel.  Rev, 

Means 


Watoh  time 

lh  35“  10*  p.m. 
1 37  20  p.m. 
1 36  151  p.m. 


Vert. Angle 

58*  07'  00" 

?8  39  00 

58*  23'  00" 

35  Ref. 

0g_  Par. 

58*  22'  20"  h 


Apparent  noon 
Equation  of  time 
L.m.t.  of  app.  noon 
Watoh  time  of  app.  noon 
Watoh  fast  l.m.t. 


121*  00B  00s 
11  10 

ir"H"16  p.m. 
1 36  15  p.m. 
T~25""65 


90  * 00  ' 00" 


h - 58  22  30 

rrj 7"  % ' 


*! 


2 


Observing  the  Transit  of  J3  Orionis  (Rigel),  No.  l/\\,  for  latitude  end  time 


6» 


Karoh  7.  19l<5  0.3 


6 - 8*  16' 


Watoh  time  of  obsn.  7h  35™  1*0®  P«®» 


Observed  vert.  ang. 

Hef. 

h 


55*  18*  p" 
$5’ 


long.  82"0l*'15"W. 


Or.m.t.  of  Transit,  Mar.  1 
Red.  to  Mar.  7 
Or.m.t.  of  transit  Mar.  7 
Red.  for  long. 
L.m.t.  transit  Mar.  7 


6h  35.l“  p.m. 

- 23.6 

5 11. $ p.m. 

•9 

<5  l'6.6  p.m. 


L.m.t.  transit  Mar.  7 
Watoh  t.  " "7 
Watoh  fast  l.m.t. 


6h  iom 


P el&e 
P el&e 


90  * 00  ' 00" 

h-S-S-£- 

e e 16  00  s. 

9 26’  26'  10"  N. 


Recapitulation 


Azimuth  of  Polaris  1 

By  interpolating  the  tables 
By  redub lng  the  formula 
By  the  solar  transit 


0*  3k'  50"  W. 
0*  5U'  50"  Wl 


Bearing  N.  0*  02'  I4O"  E. 
fi  N.  0*  02'  1*0"  B. 

N.  0*  02'  30"  E. 


Time 


By  obsn.  on  the  sun 
By  obsn.  on  Rigel 


lh  25“  05* 
1 25  Ol* 


Watoh  fast  l.m.t. 
S'  « * 


Latitude 1 

By  obsn.  on'  Polaris,  using  tables 
By  "I  "1  " " formula 

By  noon  obsn.  on  the  sun 
By  obsn.  off  Rigel 
By  soale  U.S.C.A  0.8.  chart 
. r « 

Balanoing  latitude 1 

I 

Polaris  (north)  

Svin  (south)  26*  2l*’  3l*"  N. 

Rieel  (south)  26  26  10 

I 

Mean  26*  25'  22"  N. 

» * 

Balanedd  latitude,  mean  

r 

0.  S.  C.  A 0.  8.  ohart  


26* 

21*' 

1*0" 

N. 

26 

2l* 

1*1 

n 

26  ■ 

21* 

3h 

n 

26 

26 

10 

n 

26 

25 

20 

if 

26* 

21*' 

1*0" 

N. 

26  25'  22 

. — P 

26*  25'  01"  N. 
26*  25'  20"  N. 


3 


l 
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Datei  June  15,  191+5. 


Instrumcnti  Gurley  Ho.  591237* 


Observer i George  IT.  Johnson. 
Seoorderi  Os  oar  B.  Welsh. 


Sample  of  direct  altitude  observation  of  the  sun  for  asimuth,  using  transit 
equipped  with  solar  olrolei 

Transcribed  field  notes.  t 


( 


Juno  15.  191+5.  at  observation  station  No.  1,  a cross  in  the  sidewalk  on  the 
south  side  of  C Street,  opposite  the  south  sntranoe  to  the  Interior  Building, 
Washington,  D.  C.,  in  latitude  38*  53'  30"  and  longitude  77*  02'  W.,  elev- 
ation  above  sea  level  10  ft.,  temperature  70"  F.,  at  8"  15*  a.m.,  apparent 
time,  I make  a series  of  altitude  observations  of  the  sun  for  asimuth,  making 
six  observations,  three  each  with  the  teleaoope  in  dlreot  and  reversed  posi- 
tions, observing  simultaneously  the  vertloal  angle  of  the  sun's  oenter  and  the 
horisontal  angle  from  the  tip  of  the  Washington  Monument,  approximately  1+0  ohs. 
southeasterly,  to  the  left  to  the  suni 


Observation. 

Telesoope. 

Apparent 

time. 

Vertical 

angle. 

Horisontal  angle, 
monument  to  sin. 

1 

Diroot 

8h  13*  25* 

39"  57*  00" 

3l+"  38 » 00" 

2 

•» 

1+0  02  00 

}h  33  00 

3 

N 

l+o  07  00 

31+  29  ; 00 

C 

Reversed 

1+0  20  30 

31+  18  00 

5 

II 

l>  1 

l+o  25  30 

31*  ii+  00 

6 

II 

« 16  25 

l+o  32  00 

3h  09  00 

Mean  .... 

• i 

8h  ll+*  55* 

1,  1 

By  1st  obsn.  monument  bears 

■ 2nd  " " " 

» 3rd  ■ " " 

■ 4th  ■ r 

" 5th  • f 

" 6th  " " " 


S.  54"  1+0'  06"  B. 

S.  5l+"  1+1'  01"  B. 

S.  5l+"  1+0'  56"  E. 

S.  51+*  1+0*  SO"  B. 

S.  5l+"  1+0'  1+3"  E. 

S.  5l+"  1+0'  22"  E. 


Mean  of  a.m,  obsns.  ......  S.  5I+*  1+0'  1+0"  E. 


' 1 . f 

June  20,  191+5.  at  the  same  station,  in  temperature  70*  F.,  at,  3“  142°  p.m., 
apparent  time,  1 repeat  the  above<  observation,  observing  the  horisontal  angle 
from  the  tip  of  the  Washington  Monument  to  the  right  to  the  suni 


Observation. 

Telesoope. 

Apparent 

time. 

Vertloal 

angle. 

Horisontal  angl*. 

monument  to  sun. 

1 

Direot 

3h  ig*  J0s 

1+0"  59'  00" 

ll+3"  20'  30" 

2 

n 

l+o  52  30 

ll»3  26  00 

3 

n 

1+0  1+5  00 

ll+3  32  00 

h 

Reversed 

l+o  13  00 

H+3  57  00 

5 

N 

1+0  03  30 

11+1+  OS  00 

6 

II 

3 50  25 

39  27  00 

H+1+  31+  00 

Mean  .... 

31*  1+8®  27* 

l 

By  1st  obsn.  monument  bears 

• 2nd  " " " 

" 3rd  " " " 

« i+th  " " " 

" 5th  " f " 

" 6th  " " " 


s.  5!+"  l+i'  09"  E. 

S.  5l+"  1+1'  17"  B. 

8.  5l+"  1+1'  05"  E. 

s.  5 k*  39"  1+8"  E. 

s.  5l+*  l+i*  03"  B. 

s.  5I+*  39'  2l+"  E. 


Mean  of  p*m.  obsns.  ...... 

Mean  of  a«m.  obsns.  ...••• 

» ,1 

1 Mean,  true  bearing 

1 of  monim+ent  • 


S.  5l+*  1+0'  1+0"  E. 
S.  5l+"  1+0*  l+o"  E. 


S.  5l+"  1+0'  1+0"  E. 


J 

I 


( 

Footnote 

Observation  No.  6,  p.m.,  delayed  by  a passing  cloud. 

Memo  1 Aooepted  bearing  of  monument  “ S.  5U*  1+0'  25"  E. 

1. 
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field  reoord. 


The  above  observations  are  reduced  by  the  equatloni 

Cot  A • £iS  8 i “ tan  4 tan  h. 

oos  p ooa  h 

let  aeries,  a.n.  observational 

Sun's  deolination,  Or.  app.  noon, . Juns  15.1945  23*  18'  35"  *• 

Bed.  to  long.  77*  08*  W.#  and  8*  14^5S  *•»•.  1.38*1  * 6.5" 9 E. 

Sun's  deolination  for  mean  time  of  observations.  6 .......  23^ ^18_|_U4  * *• 

Latitude,  ft  - 38*  53'  30”  H.  Befraotion  ooef.  - 1.01  x .96  • .97 


1st.  obsm 


▼ - 39*  57’  00" 

Befraotion  (69*  * .97  “ 67")  * - 1 07 

Parallax  • + 7 


■ 39*  56  ' 00" 

Sin  5 ...........  -.395741 

Cos  ft  - .778335  tan  ft  -.806658 

Oos  h - .776792  tan  h -.837119 

.596821  .596821  .675269 


.663082  .663082 


oos  A -.012187 (-) 

A - S.  89*  18'  06"  B. 
Hor.  ang.  - 34  38  00 


By  1st  oban.  monument  bears 

■ 2nd  " " " 

" 3rd  " " " 

• Uth  * * " 

" 5th  • 

" 6th  * " » 


s.  54*  4o*  o6*  E. 
8.  5U  41  01  E. 

s.  54  40  55  B* 
3.  54  40  50  1. 
8.  54*  40  U3  E. 
8.  51*  4o  22  B. 


2nd  series,  p»m.  observations! 

Sun's  deolination,  Gr.  app.  noon,  June  20,  1945  ..........  23*  26*  25*  H* 

Bed.  to  long.  77*  02*  W„  and  3*»  46“  27*  p.m..  8*9h  x 1.3" 12  B. 


Sun's  deolination  for  mean  time  of  observations,  8 .......  23*  26'  37"  E» 


Befraotion  ooef.  - 1.01  x .96  - .97 

By  1st  obaa.  monument  bears 

* 2nd  ■ " " 

" 3rd  " " " 

" 4th  " " ■" 

» 5th  " " " 

» 6th  " " " 


8.  54*  41'  09"  E, 
8.  54  41  17  E. 
8.  54  41  05  E. 
8.  54  39  48  S. 
8.  54  4l  03  E. 
8.  54  39  24  E. 


The  reticle  of  the  transit  teleeeope  has  the  above  design,  with  specifica- 
tions as  follows!  Double  oross  wire  at  left  and  bottom  (direct  position  of 
telesoope),  spaoed  4o"|  solar  olrole,  radius  15'  45*1  stadia  ratio  Iil32 
horisontal  and  vertioal. 


2, 
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Data | June  15,  1945 


» • / 


Instrument i Gurley  No.  571540 


Observer i Osaar  B.  Walsh 
Reoorderi  George  W.  Johnson 


Example  of  dlreot  altitude  observation  of  the  sun  for  azimuth,  using  transit 
with  eooehtrlo  vortloal  olrolej  telescope  equipped  with  solar  elrole. 

V 

Transcribed  field  notes. 


June  15,  1945,  at  observation  station  No.  1,  a oross  In  the  sidewalk  on  the 
south  side  of  C Street,  opposite  the  south  entranoe  of  the  Interior  Building, 
Washington  D.C.,  In  latitude  38°  53'  30"  N.,  and  longitude  77°  02'  W.,  elevat- 
ion above  sea  level,  10  ft.,  temperature  70°  P.,  at  7"  50“  45*  a.m.,  apparent 
time,  I make  a series  of  observations  on  the  sun  for  azimuth,  making  six  obser- 
vations, observing  simultaneously  the  vortloal  angle  to  the  sun's  oenter  and 
the  horizontal  angle  from  the  tip  of  the  Washington  Monument,  approximately  40 
ohs • southeasterly,  to  the  left  to  the  sun. 


Observation 

Telescope 

Apparent 

time 

Vertloal 

angle 

Horizontal  angle 
monument  to  sun. 

1 

Dlreot 

7h  48®  00* 

33°  14'  00" 

39°  52*  00" 

2 

n 

33°  24'  oo" 

39°  45'  oo" 

3 

w 

33°  30 » oo" 

390  4i*  00" 

4 

Reversed 

35°  57*  oo" 

39°  20'  30" 

5 

n 

34°  05'  oo" 

39°  14'  30" 

6 

n 

7h  53"  30* 

34°  12'  00" 

39°  08'  00" 

7h  5oP  30* 

8y  1st.  obsn,, 
" 2nd.  " 

" 3rd.  " 

" 4th.  " 

" 5th.  " 

" 6th.  " 


monument  bears  S.  54°  4l'  55"  E. 

" " S.  54°  41'  18"  E. 

" " s.  54°  4o'  47"  e. 

" " s.  54°  4o’  45"  E. 

" " s.  54°  4o»  39"  e. 

" " s.  54°  4i'  50"  E. 


l!ean  of  a.m.  observations  ...  S.  54°  4l'  12"  E. 


June  20,  1945,  at  the  same  station,  In  temperature  70°  F.',  at  4h  26?“  30*  p.m., 
apparent  time,  I repeat  the  above  observations,  observing  the  horizontal  angle 
from  the  tip  of  the  Washington  Monument  to  the  right  to  the  sun. 


Observation 

Telesoope 

Apparent 

tine 

Vortloal 

angle 

Horizontal  angle 
monument  to  sun. 

1 

Dlreot 

44  26”  00® 

34°  1(2'  30" 

148°  17'  00" 

2 

W 

34°  35'  00" 

148°  23'  00" 

3 

t! 

34°  23*  00" 

148°  31 ' 00" 

4 

Reversed 

33°  57'  00" 

148°  51'  30" 

5 

H 

4h  31®  30* 

33°  46'  00" 

149°  00'  30" 

6 

« 

35°  33'  30" 

149°  09'  30" 

Mean 

4h  20“  30* 

s 

n 

« 

it 


1st.  obsn., 

2nd.  " 

3rd.  " 

4th.  " 

5th.  " 

6th.  " 


monument  bears  S.  54°  39'  07"  E. 

" " S.  54°  39'  20"  E. 

" " s.  54°  38'  13"  E. 

" " s.  54°  30'  5?  3. 

" " s.  54°  39'  32"  s. 

" "8.  54°  39'  06"  E. 


Mean  of  p.m.  observations  S.  54°  39'  03"  E. 

Mean  of  a.m.  observations  8,  54°  4l*  12"  E. 

Mean,  true  bearing 

of  monument  ...............  S,  54°  40'  08"  E. 


Memo a ' 

Aooepted  bearing  of  monument 


8.  54*  40’  25"  S. 


1 


:•'!  A:,,  , 

"l 
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Example  of  one  complete  and  well-balanced  stellar  observing  pro- 
gram 

!1)  The  meridian  passage  of  one  star  for  time  and  latitude] 

2)  Polaris  for  atimuth  and  latitude)  and, 

(3)  Two  well-plaoed  stars  in  the  equatorial  belt,  one  easterly  and  one 
westerly,  both  for  time  and  azimuth. 

May  31 1 1945  Instrument  1 Buff  No.  24,81)7 

General  Land  Offioe  solar  transit. 

Observations  byi  Jos.  C.  Thama,  Cadastral  Engineer. 

Recording  byi  Arthur  D.  Kidder,  Dlstriot  Cadastral  Engineer) 
watoh  reading  approximate  looal  mean  time. 


May  31,  1945.  at  the  testing  station,  "Troy  Cabin",  situated  on 
State  Highway  No.  2,  6 miles  east  of  Troy,  New  York,  and  £ mile  east  of 
the  Village  of  Eagle  Mills)  In  latitude  42*44'03"H«»  and  longitude 
73*35' these  values  as  soaled  from  the  U.  8.  Oeologloal  Survey 
topographio  map,  "Troy"  quadrangle. 

I prepare  for  one  complete  stellar  observing  program.  The  hori- 
zontal angles  were  turned  from  a temporary  meridian  marker,  plaoed  at  a 
% 

distanoe  of  24*08  ohains  north.  The  mean  of  a number  of  previous  observa- 
tions for  azimuth  indicated  that  the  temporary  marker  had  a bearing  of 
N. 00*00 '50"E.  By  observation  on  the  sun  at  apparent  noon  today  my  watoh 
was  found  to  be  0 81  24s  slow  of  looal  mean  time. 


The  following  observing  program  was  oarried  through  prior  to 
setting  a permanent  marker  in  the  true  meridlani 


For 

finding  position. 
Star. 

Approx. 

X el&e  "t  • t 

p.m. 

Direction 
of  sight. 

Vertioal 

Angle. 

Ho.  19/35  • 

Bootis  (Aroturus)  0.2 
8 - +19*28 ’06" 

5*  16“ 

s.ee^'E. 

31*07' 

No.  13/20 fi 

Geminorum  (Pollux)  1.2 
8 - +28*09 '42" 

7 18. 5 

N. 84*20 'W. 

37*39’ 

No.  4/6  a 

Ura.Min.  (Polaris)  2.2 
6 - +89*00 '00" 

7 30 
Sunset 

N.O0*32'V. 

4l*4flt 

No.  17/^3  » 

Virginia  (Spioa)  1.2 
8 - -10 *52' 36" 

8 45-6 

South 

36*23' 

75 
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Azimuth. 

Indioated  bearing 
of  referenoe  mark. 


y.0*00'l6"B. 

y.O  01  18  E. 

8.0*00 '1*7  "*• 
y.o  oo  57  *• 


jurooj^g'jB. 


- +19*28 '06"j 

meridian  passage  - 9h  36?3  p.m.,  l.m.t..  May  31,  191*51  for  time  and 

azimuth. 

Watoh  Observed 


Tel. 

time 

p.m. 

Hor.  Ang. 

Vert.  Ang 

Dif . 

5h  19“  05* 

92*07' 30" 

31*ltl*'00" 

Her. 

5 23  17 

92  52  30 

32  29  00 

5 25  15 

93  13  00 

32  51  30 

Dir. 

5 26  17 

93  1+5  00 

33  2600 

Mean 

5h  23®  58* 

92*59  ’30" 

▼ • 32*37 ’37" 
Refraotlon,  r ■ - 1 30 

h - 32*36*07" 

8 

.87*00'll*"B. 
179*59 'W 

“ Reduoed  azimuth  of  star. 

y. 00 *00' 16 "e. 

kJkZl 

“ Indioated  bearing  of  referenoe  mark. 

■ Her.  pass,  of  star,  p.m.,  l.m.t. 

“ Reduoed  mean  time  hour  angle. 

5h  2ha  21* 
0“  23* 

^J2|£218 

“ Looal  mean  time  of  observation. 
• Watoh  slot*  of  looal  mean  time. 

Apparent 

noon 

121*  00"  OO8 

Equation 

of  time,  subtraotive  - 2 29 

Looal  mean  time  of  apparent  noon  11  57  31 

Watoh  time  of  sun’e  meridian  passage  11  57  07 

Watoh  slow  of  looal  mean  time 


summary  of  all 

results. 

Time. 

Watoh  slow 
of  l.m.t. 

latitude . 

1st  equatorial  star,  SE. 

0“  23* 

2nd  " " HW. 

0 28 

Mean 

Polaris  

142*1+3 'W 

3rd. equatorial  star  qt 

meridian  passage  

0 30 

1+2  I4I+  27 

Mean  of  all 

0"  27g 

U.S.  Qeol.  Sur.  topographio  mapt 

1*2^14^0^'* 

let  Start  yo.  19/35 * «■  Bootle  (Aroturus)j  ( 


2 


* 


A 
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l«t  Star i Ho.  19/^5' 


Star's 

transit. 

May  16,  meridian  of  Oreenwloh  ■ 10*1 

36. lm  p.m. 

Reduotion  to 

" 31 

m — 

59-0 

« 

*» 

long. 

73*35*15" 

m m 

0.8 

Meridian  passage  of  star,  l.m.t. 

- 9h  36-3°  p.». 

9 - 42*44'03" 

8 - +19*28 '06* 

h - 32*36'07" 

A.  am  ^ am  4>mn  It 

sin  9 

v ooTT 

00TT  

ooa  9 000  n 

log  QOS 

sin 

tan 

* 008 

sin 

tan 

h - 

9.73U427 

9.925536 

9.805891 

f - 9.868998 

9.965615 

9.865998 

9.965615 

8 - 9.97UU31 

9-548385 

9.522817 

9.8U)429 

9.840429 

9.5U4XX) 

9.791534 

1-.7W& 

9.771506 

9.890998 

9.731283 

nat 

.77803 

.32659 

.53862 

.59089 

•?g62L 

.53862 

00s  t “ 

.45144  (+) 

00s  A ■ 

.05227  (-) 

A - 

• sidereal  hour  angle. 

• reduotion  to  mean  time  hour  angle. 

• mean  time  hour  angle. 


t - 63*09,50" 


i^a‘ 


2nd  8tari  No.  13/2O1  fi  Oeminorum  (Pollux)  1 8 - +28s09’42",  meri- 


dian  passage  ■ 3^ 
Watoh 

06. lm  p.m., 

Tel. 

time 

P sills 

Hor.  Ang. 

Dir. 

7h  19B  59* 

84*06'00" 

0 

7 20  53 

83  57  00 

Rev. 

7 23  39 

83  31  00 

II 

7 24  ..a 

83  19  00 

Mean 

7h  22m  21* 

83*43*15" 

H.63*i4 '57"W. 
N.00*01»18"B. 


i 


ho6”o6s 

16  43 


7h  22°  49"  7h2^b9e 


0 28" 


Observed 

Vert.Ang. 

37*22' 

37  12 
36  1,0 
36  28 

r - 36*55*57" 
Refraction,  r ■ - 1 17 

h - 36*54 '20* 

Reduoed  azimuth  of  star. 

Indioated  bearing  of  reference  mark. 

Mer.  pass,  of  star,  p.m.,  l.m.t. 

Reduoed  mean  time  hour  angle. 

Looal  mean  time  of  observation. 

Watoh  slow  of  l.m.t. 


8tar's  transit.  May  16,  meridian  of  Qreennioh  - 4h  05.9^  p.m. 
Reduotion  to  " 31  “ “ 59*0 

" " long.  73*35 '15*  “ - 0.8 


Meridian  passage  of  star,  Lm.t 


“ 3h  06. l“  p.m. 


3 


8^8  8 


■ r i 

'■was 


. 
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2nd  Star i Ho.  13/20 1 

f - l+2*l+l+'03"  8 - +28*09' 1)2"  h - 36*5l+'20" 


eln  h . sin  8 

oos  f~oos  8 006  A “ oo.  y oo.  h " ♦ *“  h 


log  008 

sin 

tan 

QOS 

■in 

tan 

h * 

« - 9-865998 
8 - 9-91+5281 

9-778511 

9.965615 

9.728625 

9.902887 

9.865998 

9.673906 

9.875621+ 

9.965615 

9.811279 

9.811279 

9.691+21+0 

9.768885 

9.768885 

9.81+1239 

9.967232 

9.9050a 

nat 

ffi? 

.1+91+58 

.80356 

.69381 

.69381 

008  t ■ 

•1+3275  (♦) 

008  A • 

.10975  (♦) 

t - 61+*21 '28 

" A ■ H.83,lq'57,,K. 

- I+V26 

* ■ sidereal  hour  angle. 

— r..!g 

■ reduction  to  mean  time  hour  angle. 

i+V"^ 

* * mean  time  hour  angle. 

3rd  Start  Ho.  I+/61  <r  Ors.  Min.  (Polaris)+  8 " +89*00'00"|  meridian 

passage  at  upper  oulminatlon  “ 9*1  10s  00*  a.m.,  l.m.t.,  May  31,  19l+5l  sun- 

set  observation  for  azimuth  and  latitude. 

Watoh 

Hor.Ang. 

Observed 

Tel. 

time 

Tert.Ang. 

p.me 

Repeated 

Dir. 

7h  28“  03* 

0*3l+'30" 

1+1*50'30" 
1+1  1+9  00 

If 

7 30  07 

II 

7.  . ?2  ?? 

1*1+1  ’30" 

1+1  1+9  00 

Mean 

7h  30“  15s 

0*J3'30"  (1  A) 

1+1  *1+9 ’30" 

Rev. 

7h  35"  01* 

0*33'00" 

1+1*50'00" 

II 

7 36  33 

Ui  50  00 

a 

7 38  07 

1*38 ’00" 

la  50  00 

Mean 

0*32'l+0"  (lA) 

la  *50 'oo* 

7h  33"  2l+* 

0*3; ’lg"  Mean  of  all. 

V - la  *1+9 ’1+5" 

Refraotlon, 

r ■ - 1 Ok 

0 27 

Watoh  slow  of  l.m.t. 

• 

h - la'i+s^ia" 

7h  33"  51* 

p.m.,  l.m.t.  of  observation., 

12 

U.C. 

91*  10“  00* 

leB. 

lojj^jj^l*  ■ Hour  angle  of  Polaris,  west  of  meridian. 


1+ 


' 


- . 5 ' 


■ . ■■ 


>1  *$**&.?' 


<?  < di 
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3rd  8tar.  Polaris i 

h - IU*l48'l*l" 

- ♦ 0*55*03" 

- 

- 0*33 *15" 

A - H.0*32’18"W. 


Same,  1st  equatorial  star,  SS.i  N.0*00'l6"E. 

"2nd  " ",  MW. i N.0*01’18"E. 

Mean  of  the  equatorial  starsi  H.0*00'U7"I. 

Determined  true  bearing  of  referenoe  marki 


Upper  oulaination,  May  31.  meridian  of  Greenwich. 

Reduotion  to  long.  73  35' 15" 

9*10.0*  a .a 

Interpolation  from  tables  in  the  Ephemerls. 

For  atlmuth.  For  latitude. 

Hour  Latitude.  Deolination. 


Angle. 

142*00' 

l42*l4U’ 

Woo* 

88*59'50" 

89*00 '00" 

89*00 '10' 

10h  18. 3“ 

1 

33.5 

f 

1 

3U-5 

22.3 

0*55.03" 

o*5U'5U" 

0*5U'U5' 

23.85 

31.7 

32.1 

32-7 

0 55  03 

28.3 

30.3 

31.3 

3U-3 

0 .Xlf 

0 56  05 

..p.ff  a*. 

For  8 - 89*00 '00"  ♦ 0.2 

Primary  adjustment  to 
32.3  elevation  of  pole, 

additive 1 no  supple- 

A ■ M.0*32'18"W.  mental  oorreotioni  0*55 ’03" 


M. 0*00*57 *M. 

M.0*00'Ii7"I. 

M.0*00*52"B. 


9h10.8F»  a .a 


Vertical  angle,  oorreoted  for  refraotion. 

Vertioal  angle  eorreotlon  to  elevation  of 
pole  for  hour  angle  lOh  23.85m,  additive. 

Latitude ■ 

Observed  horlsontal  angle. 

Aslmuth  of  Polaris  for  hour  angle  lOh  23.85m 
mat  of  the  meridian. 

Indloated  bearing  of  referenoe  mark. 


5 


• • t- . 


- 
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l»th  Stan  No.  17/53'  a Virginia  (Spioa)t  S ■ -10*52' 36*1  merl- 
dian  passage  - 8h  l*5»6Sn  p.m. , l.m.t.,  May  51>  19i*5l  for  tins  and  latitude. 


Star's  transit,  May  16,  meridian  of  Greenwich 
Beduotion  to  "31 

" " long.  73*35' 15" 

Meridian  passage  of  star,  l.m.t. 


Watoh 

Observed 

time 

Tel. 

Vert.Ang. 

PaBe 

Dir. 

36*2l*'00" 

B*1  1*5“  06® 

Rot. 

36  24  30 

Mean 

36*21*’ 15" 

- 1 18 

* refraotion. 

36*22'57" 

- h 

B 

■ 10J2J6 

S. 

U7*15'33" 

f 

- 1*2  1*1*  27 

“ Latitude  of 

- 9h  1*5.1*“  p.m. 

- - 59.0 

- - 0.8 

“ 8h  45.6“  p.m. 

- p.m. 


Watoh  time  - 8 1*5  06 

o“30* 
0 23 
0 28 

fir 


Watoh  slow  of  l.m.t. 
Same,  1st  star 
" 2nd  " 

Mean 


“ 1*2*1*1*'27" 


5*00*00"  Same,  by  Polaris  observation  ■ i|2  1*3  1*1* 

Mean  ^2^0£" 


6 


*V‘«v- 

hrst 


V 


tip--.  '$*> 


*r^># 


. "• ,r  * 


- 
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Stellar  Hour  Angle  Observation  for  Azimuth  and  Time. 


Observer:  Geo,  F.  Rigby 
Recorder:  Norman  D.  Prioe 

Date:  Ootober  26,  1944*  Instrument:  W.  & L.  S.  Gurley  No.  2330 


Ootober  26,  1944,  in  the  SWiNWi  of  sec.  25,  I.  IN.,  R,  1!,, 
Willamette  Meridian,  Oregon,  latitude  450  32'  3°"  N*»  and 
longitude  122°  39'  0°"  W. , at  411  00m  P.  m. , app.  t.,  or  4h  54»6n 
p.  m. , by  my  watch  which  reads  oorreot  Paoific  War  Time,  I set 
off  45#  32*  30"  N.,  on  the  lat.  aro;  12°  36'  15"  S. , on  tho 
deol.  aro;  and  determine  a meridian  with  the  solar,  setting  a 
nail  on  the  meridian  thus  determined  in  a hub  10  ohs.  N.  of  my 
station.  After  dark,  to  test  this  indication  of  tho  solar  and 
the  reading  of  my  watch,  1 make  a series  of  six  altitude  obser- 
vations of  the  star  alpha  Ophiuohi  for  azimuth  and  time,  three 
each  with  the  telesoope  in  direot  and  reversed  positions,  read- 
ing tho  horizontal  deflection  angles  from  hub  to  star. 


Star:  22/44  2.1 

Alpha  Ophiuohi 

+12“  36.*’ 


Obs’n. 

Telesoope 

Watch  Time 

1 

1 

Vertical  Angle 

Horizontal  Angle 
from  hub  to  star 

1 

| Direot 
1 1 

6h  50°  05> 

1 

1 

44° 

r 

33*  30" 
-0  59 

55® 

32*  00" 

sw. 

1 i 

| 

44° 

32*  31" 

2 

| Direot 
1 1 

6h  51m  16s 

1 

1 

44° 

r 

24’  00" 
-0  59 

55® 

50*  30" 

sw. 

1 I 

I 

44® 

23 • 01" 

3 

| Direot 

1 I 

6h  52m  210 

1 

1 

44® 

r 

13*  oo" 
-1  00 

56® 

11*  00" 

sw. 

1 1 

1 

44® 

12*  00" 

4 

| Reversed  | 
1 1 

6h  54m  59s 

1 

I 

43® 

r 

52'  00" 
-1  00 

56® 

50*  00" 

sw. 

1 1 

1 

43° 

51*  00" 

5 

| Reversed  | 
1 1 

6h  58m  55s 

j 

43® 

r 

17*  30" 
-1  01 

57® 

53'  30" 

sw. 

| 

43® 

16 » 29" 

6 

| Reversed  | 

7h  oo«  130 

1 

1 

43® 

r 

05*  30" 
-1  02 

58® 

14’  30" 

sw. 

1 1 

r « 

refraotion 

| 43*  04*  28"  | 

in  zenith  distanoe. 

1 
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Stellar  Hour  Angle  Observation  for  Azimuth  and  Time. 

Azimuth 


oos  A » 


sin  d 

008  0 008  h 


- tan  0 tan  h 


A = Star's  azimuth 
d s Deolination 

h = Altitude  oorreoted  for  ref. 
0 = Latitude 


log  sin  d 
log  008  0 
diff. 
log  oos  h 
diff. 

1st  term 

log  tan  0 
log  tan  h 
sum 

2nd  term 
nat.  ooa  A 

angle  A 
hor.  angle 


9.3388551 

9.845341I 

9.493514 19.49351419- 493514 1 9 • 493514 1 9.493514 1 9-493514 
9 . 852930 1 9 . 854107  j 9.855465I9.858029I9. 862177 1 9 * 863601 
9.64058419.639407 19.638049I9.635485 1 9.63133719.629913 
.43710  j .43592  I .43456  | .43200  j .42790  | .42649 

.0082121  .0082121  .0082121  .0082121  .0082121  .008212 

9 • 993056  j 9 • 990655 1 9 • 987871 1 9 • 982562  j 9 . 973829 1 9 . 970787 
.001268 | 9.998867 | 9.996083 | 9.99077419.982041 | 9.978999 
1.00292  | .99740  j .99102  | .97898  I .95949  I .95279 

.56582  | .56148  | .55646  | .54698  | .53159  I .52630 

• t « 10  1 n|  o t "j  * * "j  • • "j  * * " 

55  32  28(55  50  30(56  11  20(56  50  24 1 5.7  53  12| 58  14  38 

55  32  00 | 55  50  30I56  11  00I56  50  00|57  53  30158  14  30 


azimuth 

It 


S.  0°  00»  28"  w. 
South 


ft 

|S. 

0® 

ft 

S. 

0® 

tt 

s. 

0® 

ft 

S. 

0® 

00'  20"  W. 
00'  24"  W. 
00'  18"  B. 
00'  08"  W. 


Mean  azimuth  S.  0®  00'  10"  W. 


Time. 


008  t 3 


Bin  h 

008  0 oos  d 


— tan  0 tan  d 


t = Star's  hour  angle 
d = Declination 

h - Altitude  corrected  for  ref. 
0 s Latitude 


log  Bin  h 
log  ein  0 
diff. 
lOg  008  d 
diff. 

1st  term 

log  tan  0 
log  tan  d 
sum 

2nd  term 
nat.  oos  t 


9 • 845985 | 9 • 844762 19.84333619. 840591 !9.836006|9. 834388 
9.845341 19.845341 19.845341 19.845341 1 9 .845341 i 9 • 845341 
.00064419. 999421 | 9 . 997995 19.99525019. 990665 | 9 . 989047 
9.989407 1 9.98940719.989407 1 9.989407I9.989407 19.989407 
.011237I  .010014I  .008588I  .005843I  .00125819.999640 
1.02621  |1.02330  11.01997  11.01355  II.00290  | .99917 

.008212 
9.349448 
9.357660 

.22786  .22786  | .22786  | .22786  | .22786  ( .22786 

.79835  .79544  I .79211  | .78569  I .77504  I .77131 

» • * »j  • » * 

'39  11  28(39  31  41 

h m s | h m e 

2 36  46|  2 38  07 
-26 j -26 

2 36  20 j 2 37  41 

3 11  341  3 n 34 

5 47  541  5 49  15 
1 10  36)  1 10  36 

6 58  30|  6 59  51 
6 58  551  7 00  13 
0 00  25 | 0 00  22 

Mean:  watch  l8  seoonds  fast  of  Paoifio  War  Time 


t 

37 

01 

39 

37 

18 

iil- 

57 

37 

00  ( 

58 

12 

57 

h 

m 

8 

h 

m 

si 

h 

m 

s| 

h 

m 

8 

red. to  time 

2 

28 

07 

2 

29 

131 

2 

30 

28 1 

2 

32 

52 

red. to  m.t. 

•25 

■251 

■251 

■25 

1.  m.  t. 

2 

27 

42 

2 

28 

48| 

2 

30 

031 

2 

32 

27 

transit  t. 

3 

11 

34 

3 

11 

341 

3 

11 

341 

3 

11 

34 

l.m.t.  obsn 

5 

39 

16 

5 

40 

22 1 

5 

41 

371 

5 

44 

01 

red.  P.W.T. 

1 

10 

36 1 1 

10 

36 1 

1 

10 

36 1 

1 

10 

36 

P.W.T.  obsn 

6 

49 

52|  6 

50 

58 1 

6 

52 

131 

6 

54 

37 

watoh  time 

6 

50 

051  6 

51 

16 1 

6 

52 

21 1 

6 

54 

59 

watch  fast 

0 

00 

131  0 

00 

18 1 

0 

00 

08 1 

0 

00 

22 

2 


' ■ w.  • 
" 1 . . 


T 


■ ...»  , -V 


■»r- 
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DIRECT  ALTITUDE  OBSERVATION  UPON  THE  3UN  FOR  AZIMUTH,  IN  ALASKA 
Date  : September  9,1945.  Observers  B.7. Kinsey.  Instrument:  Buff  No.  l8,000. 

At  my  station  10  chs.  east  of  the  1 sec.  cor.  of  secs.  13  and  l8,  T.3  N.,R.ll  N.,  Seward 
Base  and  Meridian,  Alaska,  In  latitude  6o*21*N.  and  longitude  151*20*7,'.,  I make  a series  of 
four  observations  upon  the  sun  for  azimuth,  each  with  the  telescope  in  direct  and  reversed 
positions,  observing  opposite  limbs  of  the  sun,  and  reading  the  deflection  angle  from  a flag- 
pole about  10  chs.  to  the  S.,  S W to  the  sun: 


Observation  Telescope  Sun  Hatch  time  Vertioal  angle  Horizontal  angle  flag  to  sun 

Std.T/ar 


1st.  set 

Direct 

* 

5h09m 

«•  W 

Reversed 

5hllm 

Mean 

5hl0ra 

2nd.  " 

Direct 

% 

5hl3m 

•»  # 

Reversed 

« 

5hl5m 

3rd.  " 

Mean 

Direct 

4> 

5hlim 

5hlto 

•*  « 

Reversed 

* 

5hl8m 

Mean 

5hl7m 

4th.  • 

Direot 

5h20m 

«•  « 

Reversed 

1 > 

5h21m 

Mean 

5h20m30s 

18*46* 

19*09* 

18*57*30" 
18*31* 
18*56* 
lb* 43’ 30" 
18*16* 
18*41* 
18*28*30" 
18*01* 
18*28* 

18* 14* 30" 


$*35’' 
66*15* 
66*25* 
66*32' 
67*20* 
66*56* 
67*36* 
67*  U' 
67*25* 


to  SH. 


The  declination  of  the  sun  for  the  mean  period  of  the  four,  observations  ■ 5*08*  N. 

The  following  reductions  are  accomplished  to  obtain  the  true  vertioal  angles  of  the  above 
observations: 

1st.  obsa.  2nd.  obsn.  3r*>  obsn. 

v - 18*57*30"  18*43*30"  18*28*30" 

Refraotion  • - 2*46"  8*48*  2*51" 

Parallax  ■ ♦ 8^_  *0"  8" 

18*25*47" 


18*54*52" 


l8*4p»5Q" 


The  reduction  of  the  above  series  is  accomplished  by  the  equation: 

t Sin  D 


4th.  obs&i 

18*14*30" 

i8*ll'44" 


1st . set 


2nd.  set 


3rd.  Set 


4th.  set 


Oos  A - 


Co-31n  L Co-Sin  H 


Log  Sin  D 
Cos  L 


8.9516957 


Log  Tan  L 
• " H 


**  " H *■ 

"lst.tem  ■ 

9-2573534 

9.2814605 

.60196 

"2nd .tern 

• n w 

m » **  m 

.19119 

Nat. Cos  A • 

Angle  A ■ 

65745* 

.41077 

Log  Sin  D - 

8.9516957 

Log  Tan  L 

" Cos  L ■ 

9-6943423 

• " H 

9-2573534 

"2nd. term 

" " H ► 

9-97bpfo 

"l3t.tem  » 

it  n « m 

9.2808571 

•59396 

.19099 

tf  n w 

Nat.  Cos  A ■ 
Angle  A ” 

66*14' 

-40304 

Log  Sin  D * 

8.9516957 
q. 6945425 

Log  Tan  L 

" ios  L - 

" " H 

9-2573534 

"2nd. term 

« « H - 

"1st. term  • 

.58540 

1*  ft  19 

« m n m 

.19065 

Nat.  Cos  A - 
Angle  A ■ 

66*45* 

•39475 

Log  Sin  B - 

8.9516957 
q. 6943425 

Log  Tan  L 

" Cos  L • 

" " H 

9.2573534 

"2nd. term 

« « H - 

"1st. term  « 

w n m m 

9.279fa3i5 

•57743 

.38705 

mm  m 

Nat  Cos  A • 
Angle  A • 

67*14* 

Bearing  of  flagpole: 

1st.  obsn.  g g. 

Tan  L Tan  H 


O.2447092 

9. 5548611 

9.7795703 


O.2447092 

9.7737237 


- O.2447092 

- a-..522Z466 

- 9-W455« 


0.2447092 

9-5M3fe- 

9.7615054 


2nd.  " 
3rd.  " 
4th.  • 
lie  an 


3.  O'll'OO"  E. 
S.  0*11*00"  E. 
3.  0*11*00"  K, 

a.  o*ii'oy*  s. 


1 • 


s'  ■; 


/jT‘.-rr‘Z< 
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3TKLLAR  CB3SHVATI0K  ?OH  iGGIOIAK  IK  ALASKA 

Date:  September  9,1345.  Observer:  B.I.Kinsey  Instrument:  Buff  l8,000. 

Star:  19/35  0.2  6 - 19*  28.1'  N. 

Boot is  (Aroturus) 


Or.m.t.  stars  transit,  September  1 : 
Red.  to  " 9 : 

" " long.  151*20 'TJ.  : 

Stars  transit  l.m.t.  " " ; 

'.Vetch  fast  of  l.m.t.  : 


3h31m  D.m. 

- *•£ 

- 1.  ten 

2h57.qm 

Oh59mi3s 


At  ay  station  10  chs.  east  of  the  £ sec.  oor.  of  secs.  13  and  l8,  T.3  K.,  R.ll  iff., 
Seward  Base  and  Meridian,  Alaska,  ir.  latitude  6o*21'N.  and  longitude  151*20'H. , I 
make  four  altitude  observations  upon  the  star  Aroturus  for  azimuth,  two  each  with 
the  telescope  in  direot  and  reversed  positions  and  reading  the  horizontal  deflection 
from  a flagpole  3et  about  10  ohs.  3.0*11*2.,  as  determined  by  previous  altitude 
observations  upon  the  sun  for  azimuth. 


Position  of  Telescope 

Time:  Std. 

watch  Horizontal  angle 

Vertical  angle 

1st. 

set 

Direct 

t 

7hl4m  p.m. 

93*50*00" 

20  *30 ’00" 

ft 

ft 

Reversed 

: 

7hl9m  " 

94*12*00" 

20*l8'00* 

Kean 

t 

7hl4m^0s  o.i 

m.  04.01*00" 

20*24 '00" 

Refraction 

I 

2*'U" 

True  vertical  angle 

t 

20* 21* 2b" 

2nd. 

set 

Direot 

t 

7hl6m  p.m. 

94*29*00" 

20*0o'00" 

ft 

ft 

Reversed 

t 

7hl7in  " 

94*49 ’00" 

20*00*  00" 

Kean 

t 

7hlbm30"  p 

.m.  94*37*00" 

20*03*00" 

Refraction 

t 

g'37" 

True  vertioal  angle 

: 

20*00*23" 

The  reduction  of  the  above  series  i3  accomplished  by  the  equation: 

„ , - Sin  D 

Cos  A - Tan  L Tan  H 

Cos  L Cos  H 


1st.  set 


2nd.  set 


Log  Sin  D » 
" Cos  L - 

" " H » 

" 1st. tern 

ha  n 


Angle  A 

Bearing  of  reference  point  by  this  observation  : 3.0*U'30"E. 


Log  31n  D 
n Cos  L 

" " H 

Bl3t.term 


Log  Tan  L « 
" " H - 

"2nd. term  ■ 


0. 

q.9bl21b 

9-0O59257 


Hat  Cos  A 
Angle  A 

Bearing  of  reference  point  by  this  observation  : 3.0*11*2. 


Memoi 

Azimuth  by  obsn.  on  Aroturus  (westerly),  mean  “ S.  0*  11  • 15"  E. 
" " " * Sun  (southwest),  mean  “ S.  0 11  07  B. 


Mean  - S.  OT  11*  11"  E. 


" " " " Polaris  (north)  ■ 3.  0 11  00  E. 

Balanced  azimuth  ■ S.  0*  11'  05"  E. 


2 


hm 


► $#5 


i v ' ■ 


5,.-  • 


«*>  .‘--r  \ 


•5. 5)^« 
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OBSERVATION  UPON  POLARIS  AT  ELONGATION 
(ALASKA) 

Data:  September  9)1945*  Observer:  B, I. Kinsey.  Instrument:  Buff  l8,000. 

September  9.1945.  Or.  E.E.  of  Polaris,  Let.  60*21*  N. : 9h  36.ftn,  p.m. 

Red.  to  long.  151*20'W.  l*«n 

" " lat.  bO*21'N.  :♦  3*7“ 

L.U.T.  of  E.E.  of  Polaris  : 8b  38. lm  p.m. 

Sept.  9,1945s 

At  my  station  10  ohs.  east  of  the  £ see,  cor.  of  secs,  13  and  l8,  T.3  N.f 
R.ll  W.,  3eward  Base  and  Meridian,  Alaska,  in  latitude  6o*21'N.  and  longitude 
151‘20’W.,  at  81138m.,  p.m.,l.m.t.  I observe  Polaris  at  eastern  elongation, making 
two  observations,  one  each  with  telescope  in  direot  and  reversed  positions,  de- 
flecting angles  from  a reference  point  established  previously  by  direct  observa- 
tion upon  the  sun  for  azimuth,  the  solar  bearing  of  which  is  S.0*11'E< 


Telescope 

Time 

V.'atch!Std.  War. 

Horizontal  angle 
reference  pt.to  star. 

Vertical 

angle. 

Direot  : 

9h  37m.,  p.m. 

N.  2*  12*  E. 

6o*  20*  30" 

Reversed  : 

9h  39m. . " 

N.  2*  11’  E. 

ft*  2*’  30" 

Mean  : 

9h  3&  “ 

N.  2*  11’30"E. 

faO*  21*  00" 

Azimuth  of  Polaris  at  E.E.  1 2*  00*  59"* 
Declination  of  Polaris  : 89*  00*  08". 
V/atoh  fast  of  l.m.t.  1 Oh  59“  13* 


The  bearing  of  the  reference  point  by  Polaris  obsn.  Is  therefore  3.0*10’3X"®» 


OBSERVATION  UPON  THE  SUN  ECR  TIME  AND  LATITUDE 
(ALASKA) 


Date:  September  10,1943* 

At  same  station  ns  described  above,  I make  a meridian  obsn. 
of  the  sun  for  time  and  latitude,  observing  simultaneously  the  altitude  of  the 
suns  lower  limb  and  the  transit  of  the  suns  west  limb,  reversing  the  telescope 
and  observing  simultaneously  the  altitude  of  the  suns  upper  limb  and  the  transit 
of  the  suns  east  limb: 


Telescope  Sun  Time:  Std.  War.  Altitude 


Direct  : ‘4 

Reversed  : t> 

. Mean  s 


12h  55“  108  P*“* 

12h  57m  20s  " 

12h  56m  15s  ~ 

infraction:  - 


Watch  time  of  apparent  noon" 
Apparent  noon  ■ 
Equation  of  time  ■ 
L.m.t.  of  apparent  boon  « 
Watch  fast  of  l.m.t.  " 


Parallax  : * 
True  altitude: 
12h  5&nl5s 
12h  OOmOOs 
2m59s 
Ilh57m02s 
59ml3s 


34.  14. 

34°.  45!. 
34*  29*30" 
1*22" 
34*  28*08" 
07" 

34*  28*15" 


Suns  decllnutlon,  Or. noon 
Red.  to  long.  151*20*W. 

" " tine  of  obsn. 

Declination'  of  the.  aim  at 


Latitude  of  station 


« 4*  58*  43"  N* 

- or  lOh  5“ 

- 56,863  x 10  hrs.x  56.86(568")-  9*  29" 

apparent  noon:  4*  49'  H" 

♦90*  00,'  00" 


bO*  21*  Ob" 


3 


>v,"  & P 


v.-'-.-'i'i- 


H ' ’ •* 


r^'.r'V^^  ‘P 


:;5,, 


W ! 


- 


$h&*  r 


"'  -T, 
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Polaris  at  sunrise  and  aunaati  tha  aun  at 
naridlan  passage*  tine,  latitude,  and  aslmuth. 

Camp  Case,  Uohloan  Forest  Park,  Latitude*  U0*J6'22*H.'  Longitude*  02*18'33"W, 
Loudonvllle,  Ohio. 

Arthur  D.  Kidder,  observing | Buff  No.  10098 
July  31.  19l*0.  watoh  reading  approximate  General  Land  Offloe 

looal  mean  time.  aolar  transit. 

Horlsontal  angles  at  my  station  at  the  oamp,  reading  to  a flag  pole  on 
a building  whioh  by  observation  I find  to  bear  H.25*13'16"E.,  it  Ml.  diet. 


Tel. 

Watoh  Time 

Hor.Ang. 

h m 

U.C. , Or.,  July  31 1 5 09.0  a.m. 

Observed 

NE-S 

Red.  for  long.  * 0.9 

Vert. Ang. 

Rev. 

i*h  36®  30* 

25*02*00" 

U.C.,  l.m.t. 1 5h08. l"  a.m. 

4l*39'0O" 

Dir. 

1*  1*6  30 

25  06  00 

4l  38  30 

Mean 

l*h  l*l"  30* 

25*0l*'00" 

Pool.  - 88*58'33*M.  v 

■ 

41  *38 '45* 

Vatoh 

P 

■ 

- 1 05 

slow  of 

1 elltl 

im  00* 

h 

• 

4l*37’4o" 

Subtraot  to  elevation  of  pole 

■ 

1 1 03 

L.M.T. 

l*h  1*2"  30* 

U.C. 

5 06  06 

0*09 ’12"  ■ 

Aslmuth  Latitude 

• 

1*0*36*37" 

Hour  Ang. 

eaat 

0 25“  36* 

H. 25*13 '12"E. 

■ Indloated  bearing  to  flag  pole. 

» 

Psia* 

U.C. , Or.,  Aug.  Is  5*05.1*  a.m. 

Dir. 

7h  15®  35* 

2!**30*30* 

Red.  for  long.  - 0.9 

39*46*00" 

Rev. 

7 18  00 

24  29  00 

U.C.,  lelttil  5 

39  47  00 

Mean 

7h  16*  1*8* 

24*29*45" 

T 

■ 

39*46*30" 

Watoh 

r 

■ 

-1  10 

1 00 


slow  of 
l.m.t. 

L.M.T. 

U.C.  , 

Aug.  1 
a.m. 

Hour  Ang.  h m a 
eaat  9 1*6  21*  H. 25*13' 16"E.  ■ Mean  Indloated  bearing  to  flag  pole. 


7*  17*  1*8* 
12 

5 01*  12 


h - 39  *1*5 '20* 

Add  to  elevation  of  pole  * 0 51  1*1* 

0*1*3’ 36"  ■ Aalmuth  Latitude  - 1*0*37’ 04" 

N. 25*13 *21"B.  - Flag  pole.  Mean  latitude  • 40*36'50" 


Tel. 

Sun 

Watoh  Time 

Apparent  noon  12*  00*  00* 

Observed 

Equation  of  time  ♦ 6 14 

Vert .Ang. 

Rev. 

12*04* 

08* 

^ H | 

App.  noon,  l.m.t.  12  06  14 

67*20*30" 

♦ 1 

06 

Add  to  time  for  sun's  oenter. 

h m 

. • 

Dir. 

L.M.T. 

Ho 

12  05 

_ h ,m 
12  06 

14 

14* 

1 

Deol.  - 18*11 *15"N. 

T 

67*51*30" 
• 67*36 '00" 

90  00  00 

P 

• m 24 

Watoh  slow 

1* 

00* 

p 

• ♦ o4 

108*11*15" 

67  ft  4o 

h 

• 67*35’4o" 

Mean  of  two  observations  on  Polaris 

Balanosd  mean  latitude 
Topographlo  map  U.8.G.8. 


1*0*35 ’35" 

• 1*0  36  50 

- 1*0*36’ 12" 
■ 1*0*36 ’22" 


Latitude 


For  demonstration  of  the  General  Land  Offloe  solar  transit,  meeting  of 
The  Soolety  for  the  Promotion  of  Engineering  Bduoatlon,  Civil  Engineering 
Division,  Surveying  and  Geodesy. 
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EQUAL  ALTITUDE  0E3SHVATI0H  OF  THE  SUM 


Observer:  Jcun  S,  Knowles 

Instrument : Buff  solar  transit  Wo.  £3819 

Watoh:  Illinois-  Bunn  Special 


September  2,  I044,  near  the  corner  of  secs,  5,  6,  31,  and  3“-i  on  fch® 
south  boundary  of  T.  13  S.,  R.  9C  W.,  Aiew  Mexico  Prlnciprl  Meridian,  Colo-/°  * 

rado,  in  latitude  38*  52'. 4 N,  and  longitude  107*  2g<  W.,  at  8h  34m  a.m.  mr* 
and  jh  JOm  p.m,  app.  t,,  I make  a series  of  three  altitude  observations 
upon  the  sun  for  azinuth,  reading  the  horizontal  deflection  angle  fran 
a nail  driven  firmly  In  a post  about  6 chs,  NUB.,  clockwise  In  the  a.m, 
to  the  sun’s  right  limb,  and  counter-olookwlse  In  the  p.m.  to  the  sun’o 
left  limb;  equal  vertical  angles  being  taken  to  the  sun's  lower  limb* 


Observation  Sun  Watoh  time  Vertical  Angle  Horizontal  angle  from 

reference  point  to  sun 


1st  a.  a. 

°f 

gh  44m  12a 

34*  15’ 

00" 

104*  8* 

30" 

to  E. 

3rd  p.  m. 

1° 

a 

ro 

CO 

116  37 

30 

to  W. 

12  29 

00 

Biff. 

2nd  a.m. 

°+ 

9h  46m  28s 

34*  4P' 

00" 

104*  36' 

30" 

to  E. 

2nd  p.m. 

+° 

4 33  10 

117  5 

30 

to  V. 

6 46  42 

1 z 29 

00 

Dlff. 

3rd  a.m. 

°+ 

gh  49m  7° 

& 

• 

O 

CD 

00" 

105*  10 » 

00" 

to  E. 

1st  p«m« 

+° 

4-40  36 

117  38 

30 

to  W. 

1 

12  28 

30 

Dlff, 

One-half  differences,  or  bearing  angles  from  unoorreoted 
north  polht  to  reference  point  1 

By  1st  obsn,  N.  6*  14'  30"  S. 

By  2nd  obsn.  N,  6*  14'  3°" 

By  3rd  obsn.  N.  6*  14'  15”  E. 


Mean  N.  6*  14'  25"  E. 
Differential  azimuth  correction  - 5'  °8" 


Mean  true  bearing  of  ref*  pt.  N.  6*  9'  17"  E» 


i dd  : : { x 6.78  x 54.76  : s 186"  log  idd  : 1 
38*  52 '.4  N.;  log  cos  9.891278 
i(ti-ft2)  3h  23m  21s 


log  sin 


ran 


t2) 


•*5“-  (50*50*15") 


q.88q4QO 

9.780678 


log  d Ad 


2.269513 


9.780678 

2.488835 


Differential  azimuth  correction  3°8" 


5*  8" 


1 


•'  V ■ ’Sr 


a 
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ALTITUDE  0B5ERVATICK  OF  THE  SUN  FCR  AZMJTH 

(From  the  central  pair  of  series  ) 
(observed  by  ecpial  altitude  method) 


Vertical  angle  to  sun's  lower  limb 
Seduction  to  sun's  oenter 
Refraction  ((6000  ft.) 

Parallax 


14*  40'  00" 

t 5? 

4 8 


Sun's  oenter  h 


34*  54’  53" 


Sun’s  declination  a#  m*  obsn» 
p#  nw  oban* 


7®  48' .8 'N. 
7*  42*. 5 N. 


A.  M.  obsn. 

Nat  sin  7*  48’ *8  .*13594 
" 00a  38  52  *4  *Z?854 

" cos  34  54  *9  #82001 


P.  M«  obsn, 

Nat  sin  7*  42*. 5 .134»-3 


Nut  ton  38  52  .4  .3ofl3 

» tan  34  54  .0  .698OO 


•XI594  _ .90613  x. 69800 

.77854  x .82001 


Cos  A 
A 


♦134x3  . .80613  x .69800 

.77854  x .82001 


Cos  A 

A 


i .21010 

- .52268 

- .35258  . 
3.  69*  21'  l8" 


Deflection  angle  from  reference  point  to  NNE.s 

104*  36*30" 

117® 

5’ 

30" 

Reduction  to  sun's  center  15.9' 

cos  34*  55' 

- 19 '24” 

19' 

24" 

Horizontal  angle  to  sun's  oenter: 

104®  17 » 06"  to  E. 

ll6  ® 

46' 

06"  to  W. 

Sun's  azimuth  as  computed: 

3.69-  31'  42"  E.  S.  69*  21'  18"  V, 


True  bearing  of  reference  point: 

IT.  173*  48'  48"  S. 

N.  6®  11*  12"  E. 

Moan  true  bearing  of  reference  poict; 


N.  l86®  07'  24"  *. 
IT.  6*  07 1 24*  E. 


IT.  6*  09'  18"  E. 


I • 


C 


2 


i 
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KhUkL  ALTITX3  Cii -NATION  AF  TES  EUK  ?0R  A2HOTH 
Date sEept. 22,1944 


Observsr:  A.A’.Drowr 
Recorder;  7. K .Cranford 
Timers  T.W.Crawforrt 


Instrument  s BufflJo 

23815 


. JIuAL  riSD  IOTS9 

Sort  22  lqdZ.  a^  the  O.L.O.  Instrument  testing  station  on  the  ’.'J.  rost- 
of ficeroof,  Denver,  Colo.,  in  latitude  39*  44’  5«'  ^itude  IQ4.  W 22.^.. 
iith  elevation  approx.  5,2^0  ft.  and  temp,  approx.  70*  T.,  between  10h  24m  a.m. 
and  3h  1>.,  n.m.,  n.w.t.,  I make  a series  of  three  equal  altitude  obeerratloni 
upon  the  sun  for  admuth,  reeding  the  horizontal  deflection  angles  from  a 
point  In  the  letter  "R"  of  hotel  alen  TEZStXX*,  about  20  chs.  to  the  SOOTH, 

S2.  in  a.m.  to  the  aun's  right  limb  and  SW.  in  p.m.  to  the  sun's  left  limb, 
ertu"l  rertical  engles  being  teken  to  the  sun's  lower  limb. 


observation 

let  a.n. 
Jrd  p.m. 


2nd  a.m. 

2nd  p.m. 

eum  of  hr.  angles 
mean  hour  angle 


Sun 


£ 


3rd  a.m. 
1st  p.m. 


-f- 


-Vetch 

time,  w.r.t, 

lOh  24m  04s 
3h  22m  27s 


10b  26m  50e 
3b  -lorn  38" 

7h~52m  48a 
2h  26m  24s. 

lOh  2om  42° 
3h  lbm  40s 


Vertloal 

angle 

37*34’ 


37*  59’ 

N 


Horizontal  angle 
flag  to  sun. 


00" 

49* 

51* 

00" 

to  SS. 

/Q  • 

r«v 

42' 

00" 

to  STV. 

0* 

09' 

00" 

(Diff.) 

00" 

40. 

09* 

00" 

to  SS. 

48* 

59’ 

00" 

to  SW. 

0» 

10' 

00" 

( Diff.) 

00" 

48* 

23’ 

00" 

t»0  SSa 

48" 

14’ 

0 1 

tc  3 11. 

£1 

08' 

7QW 

(Diff.) 

One-half  differences,  or  bearing  angles  for 
uneorreoted  south  point  of  flag. 

3y  let  obeerration  0»  04'  3°" 

By  2nd  observation  0*  05'  00" 

By  3rd  obeerration  0»  041  15" 

Mean  °*  °4'  35" 

Differential  azimuth  oorreotionf-)  5'  18" 
Man  true  bearing  of  flag  S.O*  O'  29"  t. 


FIELD  RECORD 

The  hourly  change  in  the  sun's  declination  O'  58.4^* 

The  following  computation  is  made  to  obtain  the  differential  az- 
imuth onrreetion  for  the  above  serlae.  The  reduction  is  made  by  the 
following  equation,  where  Jd  and  dA  are  each  expressed  in 
secs  ends  1 1 

_ '•  jd6  1 

cos  j>  sin  J(t,+tJ 

fcd6  - fcX  4.88  X 58.41 » 143"  log  id 6 - 2-155i36 
(J  - 30 • 44'  56"  F.,  log  noe  0 - 0.885844 
i(t,+  \)  » 2h  26a  24s 

-36*  36'  00";  log  ein  J;(t1+tJ  - 9.77541° 

1 9.661254 


log  dAS 

dAS  •Differential  azimuth  correction-  312" 

« 5*  12" 

1 t 


0.661254 

2.494082 


The  following  reduotion  to  obtain  the  value  of  the  differential  azimuth 
correction  is  mde  with  the  use  of  Table  22  of  the  Standard  yield. Toblee. 


I 


(1) 


I 


■ v • /»•  f.-,r 


M'' 


* ■ 1 . * 
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Let ltude 

i(t,f  t»)or  houre 

from  noon 

2h 

2h  26m  24a 

3* 

35* 

2.44 

2.O5 

1-73 

39*44»56" 

40* 

2.61 

2.18 

2.19 

1.85 

Declination  coefficient  2.l8 

dA6-2.l8xfcd6  = 2.18  X I43"  = 312" 
flA6  = differential  azimuth  oorreetlon*  5'12" 

(This  checks  with  the  d.e.o.  aa  computed  by  f omul  a) 


The  2nd  a.m.  and  p.m.  observations  of  the  above  aerlee  are  selected  for 
an  example  of  the  reduction  to  the  sun's  oenter  and  dlreot  computation  of 
the  sun's  azimuth,  and  true  bearing  of  the  flag  by  the  equations 


eoa  A = — "S*n  — tan  0 tan  h 

cos  (9  coo  h 

Vertical  angle  to  sun's  lower  limb  37*  50'  00" 

Seduction  to  sun's  center  +•  15*  58" 

Parallax  + 7" 

Refraction  — . i»oo* 

h:  elev.  of  cun' 3 oenter  = 14.'  05*” 

Declination  of  the  sun,  Or.  app.  noon  0"  15*  44.8"  H. 

Difference  In  time  to  a.m.  obsn. 

For  longitude  6h  59®  58° 

For  tine, a.m.  2h  £pm  24s 

4.44b  = 4h  26m  22a 

Change  ir,  deol.  to  apn.  time  of  a.m.  obsn.  , 

4.44  X 58.41  - 259"  a 4*  19"  S. 

Sun's  dedl.,  a.m.  obsn.  0»  11»  26"  N.  ' 11'  36"  H. 

Dlff.  to  p.m.'  obsn.  already  computed  1 ( 2x143)*  286"  ■ 4m  46s  S. 
Sun's  deol.,  p.m.  obsn.  Q,  g,  j,t 


’ >-  a.m.  obsn.  p.m.  obsn. 

log  cos'  ^-9.885844  } log  »lnC  «7. 521898  (+flog  sln6  *7.287635  ft-) 
log  cos  11*9.895137 


9.780981 

log  ton  (9*9.919945 
log  tan  h* 9. 896474 

loc  9.816419 

nat.(-)  .65527 

■»n»rr  nSs 

Coe  A ** 


9.780981 

log  7.740917 
nat.(+)  .OO551 

M .65527 
.(-)  .64976 


A = true  bearing  of  sun*  3.  49*  2^'  35"S. 


9.780981 

ioe  7.506654 
nat  (+)  .OO32I 

* (-)  .65527 

1 .65206 

s.  49  • H*  n«  v. 


Horizontal  angles  from  flag  to  sun's  right  and  lsft  llmbst 

49*  09*  oo"  to  az  48*  59'  oo"  to  s*. 

Raductlon  to  run's 

oenter  . = 20*  20*  20«  20" 

00s  38  • 14*  05" 


Hor.  angle  to  eun's  center  49*  29'  20"  1,  49*  19*  20" 

Sun's  azimuth  ae  computed  ebove: 

s.  49 « 28*  35"  K.  s.  49*  18'  11"  a. 

True  bearing  of  flag  3.  0»  O'  45"  K.  'j  9.  0»  1*  9"  E. 
Mean  true  bearing  of  flag  S.  0*  O'  57'  2. 

By  aboze  dlreot  computation  As  a.m.,  49*  28'  35* 

As  p.m.  49*  lP«  11" 

Difference  2dA61  =■  10'  24" 

dAS  - 5*12" 

This  7alus  dAP  agrees  with  the  same  funotion  as  oomputed 
by  the  two  previous  methods.  ; 


(2) 
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Example  of  a atoll ar  equal  altitude  obe®. -ration  for  time,  latitude,  end  azimuth. 


Sate:  October  26,  1944.  Obeerrer:  Ralph  Gentry 

Reoorder:  Elliot  Bird 
Tine:  Robert  0.  Tundt 


In  at  run  ant: 

Gurley  Ho.  3&871* 


At  a tranelt  point  in  Salt  Lake  City,  Utah,  in  latltuda  40*  44*  50"  1 

longitude  111*  49*  H.,  approximate  elevation  above  eea  level,  49OO  feet;  at 
3h  00*  p.m.,  app.  t.,  I eat  the  aroe  of  the  aolar  unit,  lat.  40*  44*  50"  H., 
and  deal.  12*  37*  8.,  and  orient  to  the  meridian,  and  note  that  a beaeon  light, 
about  2 miles  distant,  bears  H.  27*  06'  I. 


Star:  3/7  2.2 

at  Arietta 
tf  . v 23*  12.1* 

Latitude:  40*  44'  50* 


Or.  m.t.  star's  tranelt,  Oot.  22:  11®  5^  P»*» 

Red.  to  " 26:  - I5.7 

« • long.  1U*  49'  f.  - 1.2 

Star's  transit,  l.m.t.  Oot.  26:  11  41.1*p.m. 

Anticipated  l.m.t.  of  obea.  o 11  **  * 

’ Hour  angle  HI.  (02*  30')  5*  3°* 

Hatch  fast  of  l.m.t.,  Cp  27.2* 


eos  t 00s  0 

eoe  S* 

sin  0 sin  S eos  A ■ 

sin  S 

00s  0 oos  h 

eo0 

sin 

coa 

eln 

*=  -wr 

0 • .7576 

.6528 

f>  - .7576 
* * .9375 

•3939 

.9191 

.3939 

S'  • 

.0909 

.2571 

.0909 

(Product*)  .7103 

.5546 

sin  h * 

.3480 

(Sum)  - 

h « 20*  22'  00s  A • 

A * H.  76*  25«  I. 


- tan  0 tan  h 


- .3198  (Products) 
* *5546  (Traetloa) 

a ;234fi  (Biff.) 


With  the  above  settings,  at  6 11  p.m. , l.m.t.,  I find  the  star  In  good 
position  and  proceed  with  a series  of  four  equal  altitude  observations. 

n i 


Observation  Hatch  time 


1st  p.m.,  Oot.  26 
4th  a.m.,  Oot.  27 
Sum  of  hour  angles 
Mean  hour  angle 
Wateh  time,  star's 
transit,  Oot.  27 


, 6 56  58  . 

lon  24h  34s 

5 12  17 

oh  °9a  15! 


2nd  p.m.,  Oot.  26 
3rd  a.m.,  Oot.  27 
Sun  of  hour  angles 
Hearn  hour  angle 
Hateh  time,  star's 
transit,  Oot.  27 


7h  00*  12* 
3 l8  l6 
10°  10“  04* 
5h  09“  02" 

oh  09*  14“ 


3rd  p.m., Oot.  26  f 04"  54* 

2nd  a.m.  ,Oet.  27  5 1?  35 

Sum  of  hour  angles  10®  08“  dl* 
Mean  hour  angle  5&  ^4“  20* 

Hateh  time,  star's 
tranelt,  Oot.  27  ph  pyt  13s 


4th  p.m. , Oot . 26  7 11  32 

1st  a.m*,  Oot.  27  3 0u  54 

Bum  of  hour  angle*  90  55m  22» 

Mean  hour  angle  4b  57*  4lB 

Hateh  time,  star's  ’ 1 

transit,  Oot.  27  0®  09*  13* 


Tertloal  angle 

Horizontal  angle 
beaoon  light  to  star 

rl 

51*  46'  oo*  to  hi. 
103*  57'  30*  H.  to  HH. 

23*  29*  30*  . 

54*  11*  30"  (Biff.) 

24. 

07' 

30* 

52* 

l6' 

30* 

to  HI. 

10b 

2? 

00 

H.  to  HH. 

54* 

12* 

3<r 

)i 

(Biff.) 

25* 

00' 

30" 

52* 

58' 

==F 

00* 

to  n. 

107 

10 

00 

if*/  to  HWi 

34' 

■12' 

08* 

(Biff.) 

2 6*  15*  oo* 

53*  59*  oo" 

to  n. 

108  10  30 

H.  to  HH, 

54*  U*  30- 

(Biff.) 

1 


i 4>,  z&a  w 


' . 


i - , 
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Oae-half  differences  of  horizontal  angles,  or  bearings  of  reforenoe  point, 
end  watch  time  of  star’s  transit. 


Bearing  of 
referenoe  point 


B r 1st  obsn. 

■ 2nd  » 

• 3rd  - 

• 4th  • 

Mean  bearing  of 
referenoe  point 


- H.  27*  05*  45»  s. 

- N.  27  Ob  15  2. 

e H.  27  06  00  2. 

" 27  43  3. 

- H.  27*  05*  56"  2. 


t Watch  -tlco  of 
star's  transit 

0h  09®  15s  a.m. 

0 09  14  • ’ 

0 09  15  ■ " 

0 09  19  ■ ■ 

Moan  watch  t.,  star's 

transit,  Oot. 27  (p  09“  I48  a .a. 

Red.  to  Oct.  2b  +12 

Star's  transit,  p.a. , 

l.a.t.,  Oot.  2b  xi11  41°  ob8 

Watch  fast  of  l.a.t.  28®  o8a 


Meridian  altitude  observation  of  the  star  for  latitude. 

Match  time  of  star's  transit,  Oot.  27,  0h  09®  I48  a.B. 

Settings:  90*  00' 

<t  + 23  12 

90*+  <?  + 113*  12' 

i i 40  45 

v i 72*  27*  - (90*  ♦ tf)  - t 


Telescope 


Direct 

Reversed 

Dlreet 

Reversed 


Vatch  time 


0h  05m  j^s  a.a< 

0 07  35  • » 

0 11  22  " » 

0 14  42  " " 


Vertical 

anglo 

72*  28*  00" 
72  27  00 
72  29  00 
72  2b  00 


Mean 


Oh  09B 


Refraction  In  zenith  distance  - 

19  x.85  (coefficient  far  elevation  of  4900  feet) 


72*  27'  30" 
- lb" 


. , h - 72"  27'  14" 

* - 23*  12’  06";  90"  ♦ * -113  12  ob 

Latitude  - 40*  44'  52-  M.  - (90*  ♦ &)  - h - 40 • 44'  52- 


2 
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Stellar  Equal  Altitude  Observation  for 
Time,  Azimuth  and  Latitude. 


Date*  November  8,  19^4  Observer:  Quintin  Campbell 

_ . ^ „ Recorder;  Roger  P. Wilson 

Inatrument:  ftiff  No.  23829.  Time  : Charles  E.Hunter 

Seleoted  star:  27/54  1.5 

Piscis  Australis  (Fomalhaut) 

-290  55.05* 


At  observing  station  near  the  center  of  seo.  36.  T.  IN.  R.  8 
California,  in  latitude  34°  07.6'  N.,  and  longitude 
116  06*  W. , I make  a series  of  six  equal  altitude  observations  on 
the  star  for  time  and  azimuth,  reading  the  horizontal  deflection 
angle  to  the  left  and  to  the  right  of  an  illuminated  flag,  about 
*■5  3.  and  E.  of  my  station.  The  star  is  also  observed  at  its 

maximum  elevation  for  vertical  angle  to  obtain  the  latitude  of  the 
station* 


Obser- 

vation. 

Watch 

time. 

Vertloal 

angle 

Horizontal  angle 
(Flag  to  8 tar) 

1. 

12. 

t 1?  U‘ 

p.m.  23*  13* 

1?®  24*  00"  to  SE. 
24®  37*  00"  to  sw. 

2. 

11. 

6h  10m  51s 
8 ii2  12 

23®  31 » 

11®  13*  00"  (Diff.) 

12°  18*  30"  to  SE. 
23°  31'  30"  to  SW. 

11®  13*  00"  (Diff.) 

>2: 

6h  15m  40s 
8 57  25 

23°  50* 

11®  12 » 30"  to  SE. 
22®  25*  30"  to  SW. 

- 

11®  13*  00"  (Diff.) 

4. 

9. 

6h  20m  38* 
8 32  28 

24°  06  • 30^ 

10®  03*  30*  to  SE. 
21®  18*  50"  to  sw. 

. 

11®  15*  00"  (Diff.) 

1: 

6h  25m  20s 
8 27  li2 

24°  22 » 

8®  59'  30"  to  SE. 
20®  12 » 30"  to  sw. 

•11°  13*  00"  (Diff.) 

6. 

7. 

6h  30m  23s 
8 22  4l 

24°  26 » 

7°  49*  50"  to  SE. 

19°  02*  30"  to  SW. 

UV  ON  • 

11°  131  00  (Diff.) 


One-half  differences. 
By  1st  obsn.  ■ 


" 2nd  " 
" 3rd  " 
" 4th  » 
" 5th  " 
■ 6th  " 


or  bearing  angles  from  South  point  to  flag. 
3.  5°  36*  30"  E. 

• n 

w h 


II  N 

W II 

II  It 


Mean  true  bearing  to  flag  - S.  5°  36*  30"  E. 


1 


■ . ! I 


' 


W 
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Time. 


Mean  of  watch  readings;  obsns.  1 to  6 
Mean  of  watch  readings;  obsns.  ^ to  12 

Sum 

$ sum;  Watch  time  of  transit  of  Star 


: 6h  18m  08s  p.m. 

: 8h  5^8 

: llpi  52m  6I4.S 

: 7h  26m  32s  p.m. 


Oreenwieh  mean  time;  star's  transit  Nov.l  : 
Reduced  to  Nov.  8 : 
Reduced  to  longitude  116°  06'  W.  : 


8h  11m  p.m. 
27.5 
1.3 


Star's  transit,  l.m.t.  t 

Longitude  correction  to  Pac. Standard  Time  ; 

Star's  transit,  P.  S.  T.  : 

Observed  P.  S.  T.  of  Star's  transit  s 


7h  1^2. 2m  p.m. 
15.6 

7h  26,6m 
7h  26.5m 


Watch  slow  of  Pacific  Standard  Time  : 0.1m 


Latitude . 


Observed  altitude,  dlreot 
* " , reversed 

Mean  observed  altitude 
Refraotlon 

True  vertical  angle 
Star's  declination 


Latitude: 


Reduced  latitude  : 


Sum 


90 


v 

r 

h 

£ 

* 

o 


00'  00" 
52'  20" 
07*  to" 


25°  58'  JO" 
26°  00'  00" 


250 

0° 

250 

29° 


59’ 

1« 

57’ 

HI 


15" 

_58" 

17" 

05" 


55°  52'  20" 
90°  - h t £ 


2 
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Example  of  dlraot  altitude  observation  of  the  sun  for  aiimuth  and  time, 
sun  south  deollnatlom 

Datei  November  9#  191+1*.  Instrument!  Buff  No.  11+107. 

Observer i George  W.  Johnson  Reoorderi  Ray  W.  Garrett. 

Collimator  teat  of  vertloal  oirole,  Sept.  5,  I9I4I+1 

Telesoope  direot,  sights  OK  at  sero 
Telescope  reversed,  sights  high  at  sero 
Mean  index  oorreotlon  at  sero 

At  true  vertloal  angle  *1+0*  00*  00* 

Mean  oorreoted  value  +Uo  00  30 

Mean  Index  oorreotlon  -O'  30" 

Transcribed  field  notes. 

Nov.  9#  19UU,  at  my  station  on  the  random  line  between  secs.  13  and  ll+, 

T.  1 S.(  R.  87  W.,  5th  Prin.  Mer.,  Arkansas,  in  latitude  3l+*  39'  37"  N., 
and  longitude  93*  50'  W.,  elevation  above  sea  level  approximately  1000  ft., 
and  temperature  approximately  1+0 * F.,  at  8h  56®  a.m.  app.  time,  in  order  to 
verify  the  adjustments  of  the  solar  unit,  I make  a serios  of  three  altitude 
observations  of  the  sun  for  axlmuth,  eaoh  with  the  telesoope  in  direot  and 
reversed  positions,  observing  opposite  limbs  of  the  sun,  and  reading  the 
horlsontal  angle  from  a flag  on  my  retraoement  line  set  by  solar  transit 
orientation  S.  0*  1*0'  W. , SB.  to  the  sun.  My  watoh  oarries  approximate 
apparent  time. 


Obser- 

vation. 

Telesoope. 

Sun. 

Watoh 

time. 

Observed 

vertloal 

angle. 

Horitontal 
angle,  flag 
to  sun. 

lflt 

ft 

Direot 

Reversed 

8h  56®  00* 
8 57  00 

22*  i*3'  00" 
22  18  00 

1*9*  03'  00" 
1*8  15  00 

Mean 

8h  56P  j0s 

22*  30 ' 30" 

1*8*  39'  00" 

2nd 

ft 

Reversed 

Direot 

8h  57m  J0s 

8 58  30 

22*  57'  00" 
22  31*  00 

1*8*  1*2'  00" 
1+7  57  00 

Mean 

eh  53m  00* 

22*  1*5'  30" 

1+8*  19'  30" 

3rd 

« 

Direot 

Reversed 

eh  59m  oqs 
9 01  00 

23*  15'  00" 
22  50  00 

1*8*  21,'  00" 
1*7  33  00 

Mean 

* 

9b  00*1  00* 

23*  02’  30" 

1*7*  57'  00" 

0*  00'  00" 
0 01  00 
- o'  3ow 

-Ito*  oo'  oq" 
-1+0  00  00 
^-55" 


By  1st  obsn.  flag  bears 
" 2nd  " " " 

" 3rd  " " "' 


s.  0*  39’  1*1"  w. 
s.  o 39  53  w. 
s.  o 39  57  w. 


Mean,  true  bearing  of  flag  £^0^391J>£]!J?[. 

Watoh  fast  of  l.m.t.,  by  8nd  obsn.  15®  57* 

Field  reoord. 

The  declination  of  the  sun  for  the  mean  period  of  the  three  observations 
• 16*  56*  38"  S. 

The  following  reduotions  are  made  to  obtain  the  true  vertloal  angles  of 
the  above  observational 


Transit  index  oorreotlon  

Refraotlon  (Coef.  i .96  x 1.02  " 1.00) 
Simt's  parallax  •••••• 


1st  obsn. 

22*  30*  30" 

- 0 30 

- 2 19 

♦ 8 


2nd  obsn. 
22*  1*5*  30" 

- 0 30 

- 2 17 

e 8 


3rd  obsn. 
23*  02'  30" 

- 0 30 

- 2 15 

e 8 


h ■ 22*  27'  1*9" 


22*  59’  53 
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Tha  above  observation#  ara  reduced  for  azimuth  by  the  equation i 


®in  6 _ 

fl  tan  h 

008  ff  008  h 

The  funotlon  "sin  6"  beoomes  negative  for  south  deollnatlons. 

let  obsn.! 

fl  - 3U#  39'  37"  h - 

22*  27'  1*9"  6 

- 16*  56'  38" 

00a  J i ■ .822539 
ooe  h * .921*122 

sin  fi  *-.2911*35 

tan  fl  * .6911+08 
tan  h " .1+131+70 

.760126 

.760126 

-*285876  . 

-.3831+01* 

-.3831+01+ 

Cos  A •- .669280 

A - S.  1*7*  59'  19"  E. 
Hor.  ang.  " 1+8  39  00 

Bearing  of  flag  • S.  0*  39'  1+1" 

2nd  oban.i 

h - 22*  1*2'  51" 

00s  fl  - .822539 
00a  h * .9221*1*3 

a In  S *“.2911+35 

tan  fl  * .6911*08 
tan  h * .1*18600 

.75071+5 

.75871+5 

-.2891*23 

-.381*101 

-.381*101 

Cos  A .673521* 

A - S.  1*7*  39'  37"  E. 
Hor.  ang.  ■ 1+8  19  30 

Bearing  of  flag  “ S.  0*  39'  53"  W. 

3rd  oban.i 

h • 22*  59'  53" 

ooa  fl  - .822539 
00a  h - .920518 

sin  9 -“..2911*35 

tan  fl  * .6911*08 

tan  h - .1*21*1*35 

.757162 

.757162 

-.2951+58 

-.381*901* 

-.381*901+ 

Cos  A *-.678362 

A - S.  1*7*  17'  03"  E. 
Hor.  ang.  " 1+7  57  00 

Bearing  of  flag  * S.  0*  39'  57"  W. 

The  aeoond  observation  is 

reduoed  for  time 

by  the  equation* 

Cos  t ■ 

ein  h . tan  d tan  fi 

008  008 

* Tha  produot  "tan  fl  tan  6 " 

is  additive  for 

south  deollnatlons. 

00s  fl  - .822539 
ooa  9 ■ .956591 

sin  h * .38613!+ 

tan  fl  - .6911+08 
tan  6 * .301*660 

.786833 

.786833 

.20161*1+ 

.1+9071+5 

.1*9071+5 

Coe  t - .701381 
t - 1*5*  27'  1+1" 

■ 3h  lm  51s 

App.  time  * 8h  58m  09®  a.m. 

Equation  of  time  ■ -16  06 

L.m.t.  of  obsn.  * 8^  l*2m  03®  a.m. 

Watch  time  of  obsn.  • 8 58  00  a.m. 

Watoh  fast  of  l.m.t.*  15n  57* 


2 
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8»*  flnt  of  the  above  series  la  selactod  for  an  example  of  reduotion 
for  aaiauth  by  the  equationi 


Coa 


aln  S sin 
a In  oolat. 


( S-oodeo. ) 
sin  ooalt. 


90*  - ^ - 90*  - 34*  39*  37"  • 55*  20'  23"  ■ oolat. 

90"  - 5 • 90"  - (-16  56  38  ) - 106  56  38  - oodeo. 

90"  - h - 90  - 22  27  1*9  ■ 67  32  11  ■ ooalt. 


2S  - 229 

4 9'  12" 

S - 111* 

54  36 

Codeo.  ■ 106 

56  38 

S - oodeo.  ■ 7‘ 

57*  58" 

log  sin  S 

9.957593 

log  aln  (8  - oodeo.) 

9.141721* 

log 

9.099317 

log  sin  oolat.  9.915156 

log  aln  ooalt.  9*965729 

log  9.880885 

9.880885 

log  ooa2  1 a ■ 

9.218432 

log  ooa  * A - 

9.609216 

i a 

66*  00'  21" 

A - K.  ] 

32  00  42  E. 

- 8. 

47"  59'  18"  E. 

Uor.  ang.  « 

48  39  00 

Bearing  of  flag  ■ 8. 

0*  39'  42"  W. 

tha  aeoond  of  the  above  series  la  aeleoted  for  an  example  of  reduotion 
for  aalauth  by  the  equation! 


90* 

00' 

00" 

h 

■ 22 

42 

51 

t 

- 67" 

17' 

09" 

S " 67* 

17' 

09" 

4 

- 34 

39 

37 

^-34 

39 

37 

-101* 

56' 

46" 

« ■ 32* 

37' 

32" 

8 

■ 16 

56 

38  (-) 

8-16 

56 

38 

(-) 

e+fl+6 

8) 

■ 85" 

■ 42* 

00* 

30* 

08" 

o4" 

( 

KC- 

l-tf+6  - 15* 

■A)  ■ 21 

iiO* 

221 

54" 

Hi 

-101" 

56* 

46" 

- 32* 

37' 

32" 

6 

■ 16 

56 

38  (-) 

6 - 16 

56 

38 

(-) 

t+4-  8 

-118* 

- ?9* 

53' 

26' 

24" 

4 2" 

e 

Ht- 

-rf-6  - 49* 
■f-8)  - ^** 

Sf- 

10" 

05" 

log  ooa 
log  aln 

1 4(<+f4s) 

9.867623 

9.935075 

9.802698 

log  ooa 

9.958033 

log  sin 

1 |<e-^6) 

9.134873 

9.092906 

9.092906 

log  tan2  Jf  A 

0.709792 

log  tan  * A 

0.354896 

t A 

66*  10'  12’ 

1 

A 

N.  ] 

132*  20  * 24’ 

' E. 

8. 

47*  39’  36*  E. 

Hor.  angle 

48  19  30 

Bearing  of  flag 

S. 

0*  39*  54’ 

' w. 

3 
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Tha  second  of  the  above  aeries  la  likewise  selected  for  an  exaaple  of 
reduction  for  tine  by  the  equations 


Tan  J t 

- _ / “ln 

sin 

V 00* 

Jlf+^+6)  oos 

log  sin 
log  sin 

i 

9.935075 

9.131*873 

log  oos 
log  oos 

9.867623 

9.958033 

9.06991*8 

9.825656 

9.825656 

log  tan^  it  ■ 

log  tan  it  " 

9.21*1*292 

9.62211*6 

t - 22*  1*3'  £<>"• 

t - 1*5*  27*  1*0" 

m Jh  01®  51* 


App.  time  of  observation 
Equation  of  time 


6h  56m  09*  a.m. 
-16  06 


L.m.t.  of  observation  ■ 8h  1*J»  a.m. 

Watoh  time  of  observation  " 8 5®  00  a.m. 


Watoh  fast  of  l.m.t. 


15°  57* 


The  seoond  of  the  above  series  Is  likewise  seleoted  for  an  example  of 
reduotlon  for  time  by  the  equations 

Sin  t - *ln  A °°»  h 
oos  0 

A • UT  39  * 37"  h - 22*  1*2'  51"  - 16*  56'  38" 

log  sin  A - 9.86871*1 
log  oos  h ■ 9*961*939 


9.833680 
log  ooa  S * 9.980726 


log  sin  t - 9.852951* 

t - 1* 5*  27'  U"  * 3h  01“  51* 

Apparent  time  of  observation  ■ 8 h 58“  09*  a.m. 
Equation  of  time  * -16  06 

Local  me^  time  of  observation  “ 8h  1*2“  03*  a.m. 
Watoh  time  of  observation  • 8 58  00  a.m. 


Watoh  fast  of  looal  mean  time  • 15“  57* 


Notes  This  equation  Is  not  recommended  for  hour  angles 
approaohing  90*  or  6 hours,  as  the  sine  funotion  ohanges 
very  slowly  for  angles  approaohing  90*. 


1* 
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Data i Observer  i 

Ootober  21,  1914*.  E.  D.  Calvin 

Time*  l.m.t. 


Instrument! 

Buff  No.  191*22. 


Example  of  direot  altitude  observation  of  the  sun  for  azimuth  and  time, 
sun  south  declination: 


Transcribed  field  notes. 

Ootober  21,  1914*,  at  a transit  point  in  Boise,  Idaho,  in  latitude  1*3* 

37'  13"  N.,  and  longitude  116*  12'  W.,  altitude  above  sea  level  approximately 
2700  ft.,  and  temperature  approximately  50*  F.,  at  8*1  27m  a.m.,  app.  time,  I 
make  a series  of  three  altitude  observations  of  the  sun  for  azimuth,  eaoh  with 
the  telesoope  in  direot  and  reversed  positions,  observing  opposite  limbe  of  the 
sun,  and  reading  the  horizontal  angle  from  depot  oupola,  designated  as  flag, 
about  60  ohs.  to  the  SW. , to  the  left  to  the  sun.  My  watch  carries  approximate 
looal  mean  time. 


Obser- 

vation. 

Telesoope . 

Sun. 

Watoh 

time. 

Observed 
vertical 
angle . 

Horizontal 
angle,  flag 
to  sun. 

1st 

Direot 

T 4-  K 

8h  llm  15s 

17*  29'- 00" 

88*  28''  00" 

n 

Reversed 

-p- 

8 12  19 

17  08  30 

88  1*6  00 

Mean 

6h  nm  j^s 

17*  18'  1*5" 

08*  37'  00" 

2nd 

Direot 

A- 

& 13m  07® 

17*  1*8'  00" 

88*  03’  00" 

ft 

Reversed 

^ -f 

0 11*  29 

17  28  30 

88  16  00 

• 

Mean 

6h  13m  1*8® 

17*  38'  15" 

88*  09'  30" 

3rd 

Direot 

4-  K 

8**  15“  1*0® 

18*  13'  00" 

87  * 27  ' 00" 

If 

Reversed 

8 16  50 

17  53  30 

87  1*3  00 

Mean 

6h  16“  15® 

18*  03'  15" 

87*  35'  00" 

By  1st  obsn.  flag  bears 
By  2nd  obsn.  flag  bears 
By  3rd  obsn.  flag  bears 


S.  33*  12'  06"  W. 

s.  33  11  32  W. 

S.  33  12  01  W. 


Mean,  true  bearing  of  flag 


3-  33*  11'  53"  w. 


Watoh  slow  of  l.m.t.,  2nd  obsn.  “ 22* 


Field  reoord. 


The  deolination  of  the  sun  for  the  mean  period  of  the  three  observations 

Is  10*  1*8'  1*9"  8. 


The  following  reductions  are  made  to  obtain  the  true  vertical  angles  of 
the  above  observations! 


▼ 

Refraction  (Coef.  “ .92) 
Parallax 

h 

1 


1st  obsn. 

17*  18’  1*5" 
- 2 1*8 
+ 8 


17*  16'  05" 


2nd  obsn. 

17*  38'  15" 
- 2 1*6 
+ 8 


17*  35'  37" 


3rd  obsn. 

18*  03'  15" 
- 2 1*2 
+ 8 


18*  00'  1*1" 


1 
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The  above  observations  are  reduoed  for  azimuth  by  the  equation! 

sin  6 


Cos  A 


tan  9 tan  h 


cos  9 cos  h 

The  funotlon  "sin  8"  beoomes  negative  for  south  deolinations. 


1st  obsn. i 

log  ooe  if  9.859695  log  sin  6 9.273267 

" " h 9.979970 


log  tan  if  9.979076 
" »"  h 9492556 


log  9.839665 


log 

nat 


9.839665 

9433602 

.271395 


log 
nat  - 


Cos  A 


9.1*71632' 

.296232 

.271395 

.567627 


True  bearing  of  sun,  A S.  55*  2l*'  5!*"  E. 

Hor.  ang.,  flag  to  sun  88  37  00 

True  bearing  of  flag 


2nd  obsn. 1 


" h 
log 


3rd  obsn. 1 


9.859695 

log  sin  6 

9.£73267 

log  tan  9 

9.979076 

9.979195 

" " h 

9.501191 

9.838890 

log 

9.838690 

9.1*31*377 

log 
nat  - 

9.1*80267 

•302181 

nat  - 

.271880 

- 

.271880 

i 

Cos  A - 

.571*061 

True  bearing  of  sun, 

A s.  54* 

57'  58"  E. 

Hor.  ang 

. , flag  to  sun  88 

09  30 

True  bearing  of  flag 

s.  33* 

ii»  32"  W. 

9.859695 

log  sin  8 

9.273267 

log  tan  9 

9.979076 

9.978178 

" " h 

9.512070 

9-837873 

log 

9.837873 

9-1*35391* 

log 
nat  - 

9.1*9111*6 

.30981*6 

nat  - 

.272517 

- 

.272517 

Cos  A - 

.582362 

True  bearing  of  sun, 

A s.  5U* 

22'  59"  E. 

Hor . ang . 

, flag  to  sun  87 

35  00 

True  bearing  of  flag 

s.  33° 

12'  01"  W. 

The  second  observation  is  reduoed  for  time  by  the  equation! 

sin  h 


Cos  t “ 


tan  9 tan  8 


cos  if  cos  6 

The  produot  "tan  if  tan  6"  is  additive  for  south  deolinations. 


2 


100 


€ 


log  cos  9 9.859695 

log  tan  9 9-979076 

" " # 9.992219 

" " 6 9-28101*8 

log  9.85191il 

log  9-260121* 

nat  + .102022 

log  sin  h 

- 9.480386 

log  (00a  9 00a  S) 

- 9.851914 

log 

- 9.628472 

nat  ♦ 

- .1*25081 

tan  9 

tan  8 ♦ 

■ .182022 

00s  t 

- .607103 

t - 52*  37'  11" 

■ 3b  30m 

29s  - eh  29“  31®  a.m. 

Bquatloa  of  time 

- - 15  21 

L.m.t.  of  observation 

- 8h  11 4“  10®  a.m. 

Watoh  time  of  obaervatloa  ■ 8 13  1*B  a.m. 


Watoh  slow  of  l.m.t.  ■ 22e 


The  first  of  the  above  series  Is  seleoted  for  an  example  of  reduotlon 
by  the  aquation 1 


m 1 . _ /sin  S sin  (S-oodeo.) 

Vain  oolat.  i 

iln  ooalt. 

90*-9  - 90*  - 43*37 ’13"  * 

90*-«  - 90*-(-10*48'l49")  - 

46*22'47"  " oolat. 

100 *48 *49"  - oodeo. 

90*-h  - 90*  - 17*16-05"  - 

72*43.55*  - eoalt. 

28  - 

219*55'31" 

8 - 

109*57-45" 

oodeo.  “ 

100*48-49" 

S-oodeo.  " 

9*08-56" 

log  sin  8 

9-973089 

log  ala  (S-oodeo.) 

9-201399 
log  9.171*488 

log  ala  oolat.  9.859695 

log  ala  ooalt.  9-979970 


log  9.839665  9.839665 


log  oos^  i A 

9.334823 

log  00s  * A 

9.667412 

1 A 

62*17 '33" 

A 

N. 

124*35 ’06"  E. 

True  beariag  of  aua 

8. 

55*24'54"  E. 

Hor.  aag.  flag  to  aua 

88*37-00" 

Trus  beariag  of  flag 

8. 

33*12-06"  W. 

3 
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The  seoond  of  the  above  series  is  selected  for  an  example  of  reduotion 
by  the  equation i 


Tan  4 A -^/°08  8*n  1 

8 V oos  4 (4-9-8)  sin  4 (4-9+8) 

90*00 '00" 
h - 17  *35 ’37" 


4 - 72*2l+'23" 

t - 43  37  13 


4 +9  -116*01' 36" 

6 - 10  48  49  (-) 


4 +9+6  -105*12 '47" 

&4  *f+8)-  52  36  23 

4 +9  -116*01*56" 
s - 10  4B  49  (-) 


4 +*-6  -126*50'25" 

i(4^6)-  63  25  12 

log  oos 

log  «in  i(4-«p+e) 


log  ooe  4(<J -9-8)  9.973535 

log  i in  4(4 9.193667 


9.167202 

O a 

log  tan  g A 
log  tan  4 A 

I A 

A H.  125*02'02"  E. 
True  bearing  of  sun  8.  54*57 *56"  E. 

Bor.ang.,  flag  to  sun  88*09'30" 


True  bearing  of  flag  8.  33*  11'  32"  W. 

Die  aeoond  of  the  above  series  is  likewise  selected  for  an  example  for 
the  computation  for  time  by  the  equation) 


T 1 1 /8ln  i Sin 

4 (£-<P+6) 

Tan  4 t ~ y oos  4 (4+9+8  OOS 

4 «-*-e) 

log  Sin  4 (4+<r8] 
log  sin  4 K“9+«! 

1 

9-951488 

1 

9.193667 

9.145155 

log  oos  4 (4+9+6] 
log  oos  4 (4— <p— 6' 

1 9.783394 

1 9.973535 

9.767929 

9.756929 

log  tan2  4 t 

9-388226 

log  tan  4 t 

9.694113 

4 t 26*18'35’ 

II 

t 52*37 '10' 

" - 3h30“298 

Apparent  time  of  observation  - 

8h  29“  318  a.m. 

Equation  of  time 

-15  21 

L.m.t.  of  observation 

■ 

8h  14“  10e  a.m. 

Watch  time  of  observation  - 

8 13  48  a.m. 

Watoh  slow  of  looal  mean  time  - 

4 

228 

4 - 

.72*24’23". 

9 " 

43  37  1J 

4 -9  - 

28 *47 ’10" 

6 * 

.10  48  49 

4 -9+6  - 

17 *58 ’21" 

4(£-9+6)- 

8 59  10 

t ~9  m 

28*47  ’10" 

6 ■ 

10-  48  49 

4-9-6  - 

39*35 ’59" 

4(4 -9-6)- 

2JtU2 

9-763394 

9-951488 


9-734882 


9.167202 


O.567  680 
0.283840 
62*31 '01" 
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FUR  TEST  OF  THE  SOUR  UNIT 

Basswood  Lake,  Minn.  Latitude!  48*O3'30"n.  Longitude!  91*30'35"W. 

July  31,  1945.  Arthur  D.  Kidder,  Buff  No.  19421 

District  Cadastral  engineer.  General  Land  Office 

observing  and  recording;  watch  read-  solar  transit, 
lng  approximate  local  mean  time. 

July  31,  1945,  at  the  camp  site  in  sec.  33,  T.  65  N.,  R«  9 >V«>  4th  Prin. 
Mer.,  Minnesota,  on  the  south  shore  of  Basswood  Lake  in  the  International  Bound- 
ary Haters,  in  Intitule  48*03'30"N.,  and  longitule  91*30'35"W. , I examine  the 
adjustments  of  General  Land  Office  solar  transit,  Buff  No.  19421,  and  find  that 
no  corrections  are  required. 


July  31*  I make  an  altitude  observation  on  the  sun,  p.m.,  for  time  and 
acimuthj  and  a sunset  hour  angle'  observation  on  Polaris  for  latitude  and  azimuth. 

Aug.  li  at  apparent  noon,  a meridian  observation  on  the  sun  for  time  and  latitude. 

July  31i  At  3h54m  p.m.,  app.t. , I set  4B*03'30"K.  on  the  lat.  are;  18*13'W. 
on  the  deol.  arej  and  orient  to  the  meridian  by  observation  with  the  solar  unit.  I 
find  a suitable  aiimuth  mark  on  the  center  of  the  west  chimney  of  the  main  cabin  of 
the  Canadian  Ranger  Station,  which  bears  N.37*03'30"E.,  about  4 Mi.  dist. 


July  31*  Altitude  observation  on  the  sunt 


Tel. 

Sun  Watch  Time 

PeDe 

Hor.  Ang. 
NE-N-W-SW 

Observed 
Vert.  Ang. 

Dir. 

-Cj—  4h  22®  30* 

133*35' 00" 

30*31 '30" 

Rev. 

-jr  4 .27-20 

30  13  30 

Mean 

4h  25®  00* 

133 *23 '30" 

v " 30*22' 30" 
r - - 1 39 

d • ♦ 08 

Deol.  “ 18*11' 30"N.  h - 30*21* 

_smioo"  * 

A “ Reduced  aiimuth  of  sun. 

L.M.T. 

,h  24m  „s 

217 *03 '30" 
- leo’oo'oo" 

Reduced  app.t.  of  obsn.  “ 4**  18®  08s 
Equation  of  time  ■ * 6 14 

Watch  faet  0®  38* 

N.37*03'30"E. 

■ Indicated  bearing  of  reference  mark. 

July  31i  Polaris  at  sunset! 

Tel. 

Watch  Time 
peRU 

Hor  .Ang. 
NE-N 

Or.  0.0.  Aug.  1 “ 5h08.3®  a.m.  Observed 
Red.  for  long.  - 1.0  Vert.Ang. 

Dir. 

Rev. 

7h  08®  27* 

36*19'00" 
36  17  30 

U.C. , l.m.t.  - sNn^®  a.B.  47*11*00" 

47  12  00 

Mean 

7h  11®  33* 

• 

36*18'13" 

Deol.  “ 88*59' 59"N.  v “ 47*11' 30" 

r " • 0 56 

Watch 
fast  of 
l.in,  t, 

L.M.T. 

U.C., 
Aug,  1 
1,1, 


u 

3 


7*  10“  55* 
■h  07*  18* 


Vert.  Ang.  correction 
to  slsv.  of  polo,  add 


h - 47*10' 34* 
0*51' 36* 
- 48*02' 10" 


Hour  Ang.  h a 
east  9h  36®  23* 


N. 00*44' A6"E. 
N.37*03'03"S. 
N.37*03'30"E. 
N.37*03'16"E. 


Latitude 

> A ■ Reduced  aiimuth  of  Polaris 

■ Indicated  bearing  of  reference  mark. 

■ Sams,  by  alt.  obsn.  on  the  sun. 

■ Moan. 


i.U 


Aug.  li  The  sun  at  meridian  passage i 


Tel.  Sun 

Watch  Time 

Observed 
Vert.  Ang. 

Rev.  -C|- 

12**  05*  43* 

59*40*30" 

L_06 

Add  to  sun's  oanter. 

Wr. 

12**  06*49* 

12**  00*  00*  App.  noon 

♦ 6 11  Eauation  of  time.. 

0 

60*11*30" 

L.M.T. 

laHj&ljj," 

Kean, 

▼ • 

59*56*00" 

r • 

- 33 

Watch  feet 

0*  38“ 

• 

P " 

„ 

Ditto,  the 

90*00'00" 

h • 

59*55 '30* 

sun,  p.m., 

Deal.  ■ 17*59'20"N. 

mjus. 

July  31 

0*  38 

latitude 

■ 

48*03*50" 

By  Polaris  • 48  02  10 
Kean  - 48*03 '00* 

Reduction  of  tho  altitude  obeenratlon  on  ths  sun,  July  31* 

0 • 48*03' 30*8.  s ■ 18*11'30"A.  h • 30*21*00" 


. . ain  h 

aee  Am- 

sin  6 

,H"  • I*0f  f OOfl  5 ▼ 9 

oos  t oos  h 

log 

ML 

c£n  ten 

Mi 

lid 

ten. 

h ■ 

9.703533 

9.935988 

9.767545 

e • 

9.825020 

10.046452 

9.825020 

10.046452 

l • 

9.977733 

9.516697 

9.494428 

9.802752 

9.802712  . 9.563149 

9.761008 

M&m. 

9.813997 

9.900781 

9.733420 

net 

i 

.79576  .36572 

.54128 

.65162 

.36572 

.54128 

oos  t • 

.43004  {♦) 

oos  A • 

.11034  I 

t " 64*32' 

A • 

8. 83 *40* 00 "W. 

I 

• 4h18*0e‘  ■ App.  tins  of  obsn. 

♦ 6 14  ■ Equation  of  tine 

4^24*22*  ■ Looal  mean  tiae. 

Interpolation  from  tables  In  tho  Iphamorlai  Polaris  obsn.i  July  31i 


Hour 

fiUd&t 

9h46.4B 

48.4 

48* 

Latitude. 
48*07*30"  50* 

88*59*50" 

Declination. 
88*59' 59" 

89*00*10" 

1 

47.1 

• • 
49.0 

0*50'37" 

0*50*20" 

56.4 

44.55 

44*6  46.3 

0 51  43 

♦0  51  35 

0 51  26 

58.4 

63.9  . 

6iift 

0 51  40 

Por  • • 
A • 


88*59*59" *0.2 
N.0*44'48"E. 


01"  Supplesiental 
correction. 


♦0*51' 36"  Vert.  Ang.  cor- 
rection to  elev. 
of  pole. 


2 


. 
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On  Aug.  1 and  2,  at  about  half  hour  Intervals  from  8:30  a.m.  to  4:45 
p.m. , I make  orientation  tests  of  Buff  solar  transit  ho.  19421,  including  lati- 
tude  tests  by  noon  observation  both  days.  The  tests  give  a maximum  orientation 
to  the  right  0'00"j  maximum  to  the  left  l'OO"  (N.O#01'00»W. )j  the  mean  of  all 
a.m.  tests,  O' 25"  to  the  left;  the  mean  of  all  p.m.  tests,  O' 45"  to  the  left) 
the  mean  of  all,  a.m.  and  p.m.,  0'38"  to  the  left  (N.0e00'38"W.) . The  tests 
indicate  that  a slight  improvement  can  be  made  to  correct  the  vertical  plane 
of  the  solar  telescope  for  true  parallel  with  the  vertical  plane  of  tho  transit. 
The  difference  is  slight,  being  well  within  the  limit  of  tolerance  (1'30")  that 
is  permitted)  I defer  disturbing  the  adjustments  pending  more  extended  perform- 
ance teats.  The  latter,  as  made  by  the  chief  of  field  party  at  frequent  inter- 
vals during  the  period  of  the  survey,  shared  normal  satisfactory  orientation 
without  changing  the  adjustments. 


CLOSING  MEMORANDUM 


The  methods  long  in  use  have  been  developed  for  the  correct  operation 
of  the  General  Land  Office  solar  transit,  in  vhich  the  solar  unit  is  depended 
upon  for  a large  share  of  the  line  running,  in  combination  with  observations 
on  the  sun,  Polaris,  and  the  brighter  stars  for  the  more  exact  determination 
of  time,  .latitude,  and  azimuth,  There  needed.  The  performance  that  is  required 
of  the  solar  transit  is  for  uniform  orientation,  within  the  usual  hours  of  ob- 
servation, holding  to  within  1'30"  of  the  true  meridian.  The  field  tests  are 
carried  along  continually.  This  is  done  by  comparing  the  orientation  of  the 
solar  unit  with  a carefully  determined  azimuth  line  that  is  based  upon  a Polaris 
observation,  or  by  altitude  observation  on  the  sun.  Various  combinations  of 
these  methods  are  employed,  and  frequently,  coupled  with  one  or  more  observa- 
tions upon  a bright  star,  or  stars,  within  the  equatorial  belt. 

It  will  be  noted  that  in  most  of  the  examples  the  values  in  the  reduc- 
tions have  been  carried  to  seconds  of  arc;  this  is  done  in  order  that  the  final 
result  in  azimuth  may  be  reported  ordinarily  to  the  nearest  even  minute.  Values 
in  azimuth  to  the  nearest  even  30",  15",  or  10",  are  not  givai  in  the  trans- 
cribed field  notes  unless  the  nature  of  the  survey  and  the  basic  observations 
justify  that  refinement. 

The  field  calculations  for  latitude  are  always  carried  to  seconds  so 
that  successive  observations  may  bo  compared,  usually  all  reduced  to  the  south 
boundary  of  the  township,  and  to  have  at  hand  a value  to  the  nearest  30"  for 
setting  the  latitude  arc  of  the  solar  unit. 
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MEMORANDUM 


a 


The  arrangement  of  the  astronomical  data  in  the  Ephemeris 
that  is  published  annually  by  the  Bureau  of  Land  Management  conforms  to 
the  methods  and  examples  for  the  determination  of  time,  latitude,  and 
azimuth,  as  practiced  by  the  cadastral  surveyors;  these  are  set  out  and 
explained  in  the  Manual  of  Instructions  for  the  Survey  of  the  Public 
Lands  of  the  United  States,  edition  of  1947. 

The  methods  long  in  use  have  been  developed  for  the  best 
operation  of  the  General  Land  Office  solar  transit  in  combination  with 
observations  on  the  sun,  Polaris,  and  the  brighter  equatorial  stars  for 
the  determination  and  verification  of  time,  latitude,  and  azimuth.  In 
this  practice  the  data  for  the  sun  are  required  in  terms  of  the  daily 
apparent  positions  for  the  Greenwich  meridian;  for  all  stellar  data  in 
terms  of  the  Greenwich  meridian,  mean  time,  and  mean  time  intervals. 

The  necessary  mathematical  tables  are  carried  in  the  Standard 
Field  Tables*  published  by  the  Bureau  of  Land  Management. 

The  stellar  numbers,  as  4/6  for  Polaris,  refer  to  No,  4 in  the 
list  of  28  stars  in  the  Ephemeris  of  the  Bureau  of  Land  Management,  and 
No.  6 in  the  list  of  65  stars  published  in  the  American  Nautical  Almanac. 


Key  to  Symbols 


Approximation  v 
/ Latitude  r 
6 Declination  p 
5 Zenith  distance  h 

A “ Horizontal  angle  count-  t 
ing  from  the  meridian. 


• Observed  vertical  angle 

■ Refraction  in  zenith  distance 
a Parallax  of  the  sun 

■ Vertical  angle  corrected  for 
refraction  and  parallax 

m Hour  angle,  mean  time  or  sidereal, 
as  required  far  the  equation. 
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